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(7) ABSTRACT

The disclosed non-invasive blood pressure systems and
methods measure a patient’s blood pressure without restrict-
ing blood flow. Other sensors, such as physiological sensors,
sensors that sense data about the NIBP system components,
and/or environment sensors sense data that is combined with
the NIBP signal. The combined NIBP and sensor signals are
used to measure a patient’s non-invasive blood pressure.
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PATIENT MONITORING AND TREATMENT
SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the benefit of and
priority to U.S. Provisional Patent Application Ser. No.
62/524,088, filed on Jun. 23, 2017, entitled “Noninvasive
Blood Pressure (NIBP) Pulse Wave Velocity (PWV) by
Ultrasound Sensor,” the contents of which are hereby incor-
porated by reference in their entirety.

[0002] This patent application is related to concurrently
filed U.S. patent application Ser. No. 16/013,484 entitled
“PATIENT MONITORING AND TREATMENT SYS-
TEMS AND METHODS,” the contents of which are hereby
incorporated in their entirety.

BACKGROUND

[0003] Patient monitoring and treatment can involve inva-
sive means that require inserting sensors within a patient to
acquire the requisite data, such as a blood pressure of the
patient. The blood pressure of a patient is a critical mea-
surement that is used in monitoring and treating the patient.
There are two means by which the blood pressure of the
patient can be measured, one is invasive and the other is
non-invasive. In the invasive means, the blood pressure is
obtained by direct measurement, requiring a sensor to be
inserted into the circulatory system of the patient to obtain
the measurements. In certain situations that require precise,
beat-to-beat blood pressure measurements, such as some
surgical applications, the invasive means can provide the
necessary data. Further, the invasive means can cause dis-
comfort in the patient or the subject for which the blood
pressure is being measured. Additionally, there is an
increased risk of complications and/or increased expense
due to the invasive nature of such blood pressure measure-
ment.

[0004] In the non-invasive means, the sensing of the blood
pressure is done externally to the patient and tends to only
capture peak pressure readings, such as an intra-arterial
blood pressure at diastole and systole, which provides little
to no information about the patient’s blood flow or vessel
health. Typically, this involves the application of a cuff about
a limb of the patient and the pressurization of the cuff to
cut-off circulation through the limb. The pressure applied by
the cuff to the limb is slowly reduced and as blood flow is
resumed, the blood pressure can be measured based on the
pressure remaining in the cuff. This process is often repeated
multiple times to ensure an accurate measurement or as a
means of monitoring over an extended period of time, with
pauses required between measurement instances. While this
means is non-invasive, it does require the temporary restric-
tion of circulation in a portion of the patient, which can be
damaging to the health of the patient and also requires time
for the process to be fully performed. Additionally, such
non-invasive blood pressure measurement techniques are
sensitive to motion of the patient, accessories to the non-
invasive blood pressure equipment being bumped or jostled
during patient care or transport, etc., which can result in
inaccurate and/or unobtainable blood pressure measure-
ments. In patient transport or emergency situations, the
patient and the equipment, such as the hosing, can be
subjected to a large amount of motion during time in which
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an accurate blood pressure measurement can be critical to
assess the state of the patient.

[0005] As such, there is a need for non-invasive patient
monitoring and treatment systems and methods that can
provide accurate patient information, such as blood pressure,
for use in monitoring and/or treating the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is an example non-invasive blood pressure
(NIBP) system.
[0007] FIG. 2 is a block diagram of an example wearable

NIBP patch or device.

[0008] FIG. 3 is a block diagram of an example NIBP
device.
[0009] FIG. 4 is a block diagram of an example signal

processing system.

[0010] FIG. 5 is an example NIBP patch system.
DETAILED DESCRIPTION
[0011] Non-invasive patient monitoring and treatment sys-

tems and methods are described herein. Non-invasive blood
pressure (NIBP) measurement systems and/or methods can
calculate a blood pressure and/or vessel dynamics of a
person. Such data can be used in the monitoring and/or
treatment of the person, such as for clinically evaluating a
condition, or state, of the person. Additionally, the collected
data can be correlated and/or aggregated with other physi-
ological parameter data of the person. Correlated and/or
NIBP data can provide indications of the effectiveness of a
treatment of the person, can provide indications of potential
changes in the clinical condition/state of the person and/or
can provide data to assist with monitoring the clinical
condition/state of the person.

[0012] The NIBP data can be collected with the assistance
of an NIBP device. The NIBP device can radiate energy into
tissues of the person. The radiated energy can reflect from
one or more of the tissues, such as flowing blood, and the
reflected energy can be detected, received, or sensed, by a
sensor to generate an NIBP signal. The NIBP signal can be
processed to calculate the blood pressure and/or vessel
dynamics of the person. Additionally, the NIBP device can
receive and/or process other physiological parameter data of
the person to assist with monitoring and/or treatment of the
person.

[0013] FIG. 1 illustrates an example non-invasive blood
pressure (NIBP) system 100. The NIBP system 100 can
include an NIBP device 110 and an NIBP sensor 112 and/or
an NIBP patch 120, which can be placed on a patient 102.
The NIBP device 110 and sensor 112 and/or the NIBP patch
120 can determine a blood pressure and/or vessel dynamics,
such as blood flow, size and/or position of a vessel, of the
patient 102.

[0014] To calculate, or determine, the blood pressure
and/or vessel dynamics of the patient 102, the NIBP sensor
112 and/or the NIBP patch 120 can radiate energy, such as
ultrasound and/or light, into the tissues of the patient 102.
The radiated energy will reflect from the various tissues,
such as vessels, flowing blood, and/or other tissues/features,
and the reflected energy can be sensed by the NIBP sensor
112 and/or the NIBP patch 120 to generate an NIBP signal,
or data. The NIBP signal can be processed, such as by the
NIBP device 110 and/or NIBP patch 120, to calculate a
blood pressure and/or vessel dynamics of the patient 102.
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[0015] Generally stated, the disclosed NIBP patch mea-
sures two values which can be used to compute a patient’s
instantaneous blood pressure. The NIBP patch measures the
instantaneous non-invasive blood pressure (NIBP) of a
patient with an apparatus that determines the values for, in
one example, two of the unknowns in the water hammer
equation: pulse wave velocity (PWV) and instantaneous
blood velocity (v,). The water hammer equation relates
instantaneous blood pressure to pulse wave velocity and
blood flow as follows:

P=pPWVv,

[0016] where PWV is the pulse wave velocity, p is the
density of the blood which may be assumed to be a constant,
for example, v, is the instantaneous velocity of the blood,
and P, is the desired instantaneous blood pressure. Alterna-
tive equations relating the pulse wave velocity and blood
flow can also be used.

[0017] Some conventional NIBP measurement systems
rely on PWV to measure NIBP, but each requires an initial
calibration measurement, taken at least once, to convert a
relative blood pressure value to an actual blood pressure
value. The required calibration measurement is typically
taken using a traditional blood pressure cuff, for example on
the patient’s arm or perhaps the leg. Such conventional
NIBP measurement systems that require an initial calibra-
tion and all calculations are based on a difference or differ-
ential value of that initial calibration measurement to
achieve an actual measurement.

[0018] The disclosed NIBP systems and devices instead
take an instantaneous blood pressure measurement rather
than a change from an initial calibration measurement.
Avoiding the need for a calibration measurement, prevents
the patient from experiencing blood flow restriction alto-
gether, which are required by all cuff-based NIBP systems.
Although PWV is highly correlated with blood pressure
(BP) so that changes in blood pressure can be calculated
from changes in PWV by relying on an initial calibration
measurement relatively accurately, the traditional calibra-
tion methods require use of a separate, initial calibration
value or values to register a particular PWV to a particular
value of blood pressure (as opposed to simply a change in
blood pressure) for a patient. State of the art of NIBP using
PWYV typically uses a standard cuff-based measurement, to
restrict the blood flow, in order to measure and associate a
particular blood pressure to a particular PWV measurement
in a patient. Restricting the blood flow requires that the
patient’s appendage being measured is compressed. Such
restriction of the patient’s blood flow prevents such conven-
tional methods of measuring blood pressure from being
applied to areas of the patient’s body that cannot withstand
restricted blood flow, such as a patient’s neck, for example.
[0019] In this way, conventional methods and devices that
provide NIBP measurements using PWV require a distinct
calibration step. In contrast to the state of the art, the
disclosed embodiments include a method and device that
eliminate the requirement of a distinct calibration step,
especially using a technology that temporarily restricts
blood flow. In short, the disclosed embodiments include
self-calibrating NIBP systems and methods using PWV, or
alternatively, NIBP systems and methods using PWV with-
out the temporary restriction of blood flow.

[0020] The lack of need for a calibration step for devices
using the method taught herein arises by making an addi-
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tional measurement of the vasculature such as blood velocity
and a suitable equation such as the water hammer equation
in its integrated (non-differential) form. In the water hammer
equation, the blood pressure is related to the PWV by two
scale factors—blood velocity and blood density—that can
be known without a distinct calibration step. The scale
factors are found using the same ultrasound technology that
is used to measure the PWV. Blood velocity is measured
according to the disclosure and blood density is assumed
based on a known value with or without a correction factor.
In this way, a particular blood pressure is calculated as the
PWYV scaled by the blood density and the blood velocity.

[0021] Blood velocity can be acquired using ultrasound as
a time varying waveform. PWV can also be measured with
ultrasound as a time varying function. The time-varying
nature of the PWV means that it can be updated from beat
to beat, if desired. The time-varying nature of the blood
velocity means that blood velocity can be measured at a
much finer resolution than at peak systole and diastole
values during a cardiac cycle. Instead, the blood velocity is
measured continuously throughout the duration of the car-
diac cycle for as many cardiac cycles as desired. Because
blood density is already sufficiently known and is relatively
constant, not only can a particular blood pressure measure-
ment be known from the scaling value of the PWV as if it
were obtained by a standard cuff-based measurement or
even an invasive catheter measurement, but all manners of
blood pressure measurements can be made as time-varying
waveforms describing the instantaneous pressure at as many
points during a cardiac cycle as desired. Blood pressure can
be monitored continuously throughout the cardiac cycle with
as fine a resolution as is required, and this can be done for
as many consecutive or periodic cardiac cycles as is desired
for beat-to-beat monitoring, or as intermittently as desired.

[0022] Measuring the instantaneous blood pressure
instead of its change relative to a calibrated baseline mea-
surement means, for example, that as arterial walls stiffen
(due to disease, drug therapy, and/or normal vasculature
responses, for example) which increases the PWYV, this new
PWV value is measured along with any corresponding
change in blood velocity to produce an updated blood
pressure waveform. Additionally, if the heart pumps more or
less energetically, the blood velocity changes accordingly,
which results in the blood pressure changing proportion-
ately, all else equal. This updated blood velocity measure-
ment at the prevailing PWV (which characterizes the state of
the vasculature) corresponds to the updated blood pressure
after being scaled by blood density. In other words, since
there are two measurements made, PWV and blood velocity,
and not just PWV alone, a distinct calibration step is not
needed, as the ambiguity of PWV by itself is remedied by
adding the second measured value of blood velocity. This is
of great value over conventional patient NIBP monitoring
using PWV alone where typically the calibration step
requires a blood pressure measurement performed by
restricting blood flow, which can be more costly, time
consuming, and/or uncomfortable to the patient. Ultrasound
or light technology can be used to acquire both the PWV and
the blood velocity although other methods of obtaining the
PWYV and the blood velocity can alternatively or additionally
be used. Further embodiments implement various tech-
niques and devices to measure or detect both pulse wave
velocity and instantaneous blood velocity.
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[0023] An NIBP sensor can be attached to a patient. As
discussed at length above, the sensor includes an ultrasound
sensor and may include one or more alternative sensors.
[0024] The NIBP sensor substantially simultaneously
measures pulse wave velocity and instantaneous blood
velocity, as discussed above. Each of those two basic steps
may be accomplished in numerous ways. For example, pulse
wave velocity may be measured using a sound analysis
based on information known about the configuration of the
NIBP sensor. In one specific embodiment, the sensor is
configured such that an ultrasound waveform radiated by the
sensor produces grating lobes having known characteristics,
such as a grating lobe separation angle of 0. The sound
analysis may further compute a depth from the sensor to a
target blood vessel. Based on those data, ultrasound imaging
combined with triangulation techniques can be used to
compute a rate at which a pulse travels through the vessel,
which is the pulse wave velocity of the vessel.

[0025] Similarly, instantaneous blood velocity may be
measured using Doppler effect techniques. In one specific
embodiment, the Doppler analysis can identify the phase
change of a returned signal from the blood between each of
10 kHz repetitions, for example.

[0026] Once pulse wave velocity and instantaneous blood
velocity are known, the instantaneous blood pressure is
calculated by using an equation that relates the blood
velocity to the PWYV, such as the water hammer equation.
Based on that equation, pulse wave velocity, instantaneous
blood velocity, and blood pressure are related as follows:

P~pPWVy,

[0027] Once calculated, the blood pressure measurement
may be presented to a user for use in treatment of the patient.
It should be appreciated that, in another alternative, con-
tinuous wave Doppler (CWD) may be used as an alternative
to pulse wave Doppler (PWD).

[0028] The calculated blood pressure and/or vessel
dynamics of the patient 102 can assist with monitoring
and/or treating the patient 102. For example, the blood
pressure and/or vessel dynamics data can be collected over
an extended period of time to assist with monitoring the
patient 102 and/or the efficacy of patient 102 treatment can
be assessed based on the calculated blood pressure and/or
vessel dynamics. Using such data, a user, device and/or
system can alter treatment of the patient 102 to increase the
efficacy of the administered treatment, such as cardiopul-
monary resuscitation (CPR).

[0029] Data from the NIBP sensor 112, such as the NIBP
signal/data, can be transmitted to the NIBP device 110 for
processing. Communications between the NIBP device 110
and the NIBP sensor 112 can be via a wired and/or a wireless
connection. In addition to communication, the connection
between the NIBP device 110 and the NIBP sensor 112 can
provide power from one or more of the NIBP device 110
and/or the NIBP sensor 112 to the other. The NIBP device
110 can display and/or transmit the blood pressure and/or
vessel dynamics data to a user, device and/or system.
[0030] The NIBP patch 120 can be placed on and/or
affixed to the skin of the patient 102, such as by an adhesive
backing. With the NIBP patch 120 placed on and/or affixed
to the patient 102, the NIBP patch 120 can calculate/monitor
the blood pressure and/or vessel dynamics of the patient 102
in a continuous and/or interval manner. The NIBP patch 120
can remain on and/or affixed to the patient 102 for extended
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period times to allow the NIBP patch 120 to capture blood
pressure and/or vessel dynamic data over the extended
period of time.

[0031] Data, such as blood pressure and/or vessel dynam-
ics, can be transmitted from the NIBP patch 120 to an
external device and/or system. Such communication can be
via a wired and/or a wireless connection, such as via a
near-field communication (NFC), Wi-Fi Direct®, WiGig,
cellular, and/or Bluetooth® connection. Additionally, or
alternatively, the blood pressure and/or vessel dynamics data
can be stored on the NIBP patch 120 for later retrieval.
[0032] FIG. 2 illustrates an example non-invasive blood
pressure (NIBP) patch/wearable device 200 that can be
placed on, or affixed to, a patient to determine/calculate a
blood pressure and/or vessel dynamics of the patient. The
NIBP patch/wearable device 200 can include various ele-
ments/systems, features and/or functionality that can be
contained in/on the NIBP patch/wearable device 200.
Example elements/systems, features and/or functionality of
the NIBP patch/wearable device 200 can include an NIBP
module 202, an NIBP processing module 216, an energy
source 232, gel 240, sensor(s) 246, a communication module
266, a display 276, a notification module 278 and/or a
processing module 284. Alternatively, one or more elements/
systems, features and/or functionality of the NIBP patch/
wearable device 200 can be distributed on, and/or integrated
with, an external device/system.

[0033] The NIBP module 202 can include an emitter 204
and a sensor/receiver 214. The emitter 204 can radiate
energy 206, such as light 208 and/or ultrasound 210, into
tissues of a patient and the sensor/receiver 214 can receive
energy reflected from the tissues of the patient. Reception of
the reflected energy can cause the sensor/receiver 214 to
generate an NIBP signal/data that can be processed to
calculate a blood pressure and/or vessel dynamics of the
patient.

[0034] An optional interface 212 of emitter 204 can assist
with directing energy 206 of the emitter 204 into the
patient’s tissues. For ultrasound energy 210 radiation, the
interface 212 can be textured with microstructures that can
abrade the outer skin of the patient such that the microstruc-
tures of the interface 212 are acoustically integrated with the
outer skin of the patient. This integration of the interface 212
and the patient’s skin can direct the ultrasound energy 210
into the tissues of the patient without requiring the use of a
gel.

[0035] The NIBP processing module 216 can receive the
NIBP signal and/or data from the NIBP module 202 for
processing 224 to calculate vessel dynamics 218 and/or
blood pressure 222 of the patient. Processing 224 of the
NIBP signal/data can include analog filtering 226, amplifi-
cation 228 and/or beamforming 230. Beamforming 230 can
be applied to, and/or implemented with, the ultrasound 210
emissions by the emitter 204 to assist with enhancing the
ultrasound signal(s)/data captured by the sensor/receiver
214. The beamforming 230 can include controlling, or
altering, the emission of the ultrasonic 210 emissions by the
emitter 204, such as altering a phase and/or amplitude of the
output ultrasonic energy 210.

[0036] Calculating vessel dynamics 218 can include cal-
culating/determining a depth of a vessel, a cross-sectional
area of the vessel, a flow rate through the vessel and/or other
dynamics/characteristics of one or more vessels based on the
NIBP signal/data. Based on the vessel dynamics 218, the
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NIBP processing module 216 can also classify 220 one or
more of the vessels interrogated by the NIBP module 202.
The vascular classification 220 can include classifying the
one or more vessels as a vein or artery, such as based on a
calculated flow velocity and/or pressure within the one or
more vessels.

[0037] The on-board energy source 232 can provide
power, such as electrical power, to the various elements,
features and/or functions of the wearable NIBP patch/device
200. An example on-board energy source 232 can include a
battery 234 and/or an ambient energy 236 capture/storage
element, device, and/or system. The battery 234 can be a
permanent or replaceable battery that can be placed on/in, or
affixed to, the wearable NIBP patch/device 200. The ambient
energy 236 capture/storage can harvest ambient energy from
about the wearable NIBP patch/device 200, such as from
light 238, heat, movement and/or radio transmissions/waves.
The ambient energy 236 capture/storage can receive, or be
exposed to, the ambient energy and can convert the received
ambient into electrical energy that can be stored, such as in
the battery 234. The ambient energy 236 capture can include
a solar/photovoltaic cell, a thermoelectric element, a piezo-
electric material, a generator, a magnet in motion relative to
a coil, and/or an antenna, to harvest/capture ambient energy.
[0038] Prior to use, the energy source 232 can be isolated,
such as by a removable material, from connecting to the
NIBP patch/device 200 circuitry, elements, and/or systems.
This isolation can assist with reducing, or minimizing,
depletion of the energy source 232 when the NIBP patch/
device 200 is not in use, such as during storage prior to use.
To activate and/or prepare the NIBP patch/device 200 for
use, a user can remove the isolation material, such as via a
pull tab, to allow/electrically connect the energy source 232
to the circuitry of the NIBP patch/device 200.

[0039] Gel 240 can be included on and/or in the wearable
NIBP patch/device 200 as a dispenser 242 and/or a package
244. The gel 240 can interface between the skin of the
patient and an ultrasound 210 emitter 204 to assist with
directing the ultrasound energy 210 into the tissues of the
patient. The gel 240 can prevent an air space/separation
between the skin of the patient and the emitter 204 to prevent
the reflection of the ultrasound energy 210 from the surface
of the patient’s skin.

[0040] The dispenser 242 of gel 240 can be an element,
device and/or system that can dispense the gel 240 below the
emitter 204 prior to and/or during use of the emitter 204
and/or wearable NIBP patch/device 200. In an example, the
wearable NIBP patch/device 200 can be worn for an
extended period of time and during the time the NIBP
patch/device 200 is worn by the patient, the dispenser 242
can dispense gel 240 continuously, at intervals, and/or as
needed, for example by evaluating the image generated. The
dispenser 242 can maintain a gel 240 interface between the
patient’s skin and the emitter 204 while the wearable patch/
device 200 is affixed and/or collecting data.

[0041] The package 244 of gel 240 can be a self-contained
package 244 of gel 240 that can be broken prior to, or as/due
to, the wearable NIBP patch/device 200 is being affixed/
attached to, and/or placed on, the skin of a patient. The
package 244 can be positioned such that the gel 240 is
deposited on and/or below the emitter 204 such that a gel
240 interface between the emitter 204 and the patient’s skin
is formed. In a disposable wearable NIBP patch/device 200,
the package 244 of gel 240 can be affixed to the wearable
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NIBP patch/device 200. In an example, the package 244 of
gel 240 can be integrated with the energy source 232
isolator, such that removal of the isolator causes the package
244 to break and dispense gel 240 and/or causes the package
244 to be exposed in a manner to allow breakage of the
package 244 and the dispensing of gel 240 therefrom. In a
non-disposable wearable NIBP patch/device 200, the pack-
age 244 of gel 240 can be manually placed, and/or broken,
beneath the wearable NIBP patch/device 200 to form the gel
240 interface. Alternatively. gel 240 can be manually placed
beneath the wearable NIBP patch/device 200 prior to attach-
ing/placing the wearable NIBP patch/device 200 on the
patient’s skin.

[0042] The sensor(s) 246 of the wearable NIBP patch/
device 200 can include a physiological sensor 248, a tem-
perature sensor 260, an accelerometer 262, a gel sensor 264
and/or other sensors. The sensor(s) 246 can be placed on/in
the wearable NIBP patch/device 200 to collect various
sensor data of the patient, wearable NIBP patch/device 200,
the ambient environment and/or other data. Alternatively,
the sensor(s) 246 can be external to the wearable NIBP
patch/device 200 and can communicate the sensed data via
a wired and/or a wireless connection to the wearable NIBP
patch/device 200. The data collected by the sensor(s) 246
can be transmitted from the wearable NIBP patch/device 200
to an external user, device and/or system and/or the data can
be used with/in one or more functions and/or features of the
wearable NIBP patch/device 200.

[0043] The wearable NIBP patch/device can include bio-
compatible materials, especially when intended for long-
term contact with the patient’s body. For example, the
adhesive used to affix the NIBP patch/device to the patient
could include similar adhesives found in conventional ban-
dages and the patch material itself could also borrow from
biocompatible materials used in typical bandages such as
medical grade fabrics to avoid skin irritation. The gel used
to wet the interface between an ultrasound NIBP patch/
device and the patient’s skin would also need to be biocom-
patible as would the sensor interface that contacts the
patient’s skin in the NIBP patch/device using any energy
source (e.g., ultrasound and/or light). Still further, the ultra-
sound NIBP patch/device example would also include a
biocompatible scan head lens(s), such as RTV, Rexolite,
and/or some polyurethanes.

[0044] The physiological sensor(s) 248 can include an
impedance sensor 250, an electrocardiogram (ECG) sensor
252, an oxygenation sensor 254, an oximetry sensor 256, a
capnography sensor 258 and/or other physiological sensor
248. The collected physiological parameter data from the
physiological sensor(s) 248 can be used by the wearable
NIBP patch/device 200 to assist with monitoring and/or
treatment of the patient to which the NIBP patch/device 200
is placed and/or affixed. Data from the sensor(s) 248 can be
collected in a continuous and/or interval manner and can
also be triggered by one or more events, such as a sensed
value by the sensor(s) 246, a time and/or other trigger.
Additionally, the physiological parameter data can be
merged/processed with the blood pressure 222 and/or vessel
dynamics 218 data to assist with monitoring and/or treat-
ment of the patient. The merging/processing of such data can
be performed on the wearable NIBP patch/device 200, such
as by the processing module 284 and/or the NIBP processing
module 216, and/or can be performed at/on an external
device/system.
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[0045] The temperature sensor 260 can monitor a tem-
perature of the wearable NIBP patch/device 200 and/or the
skin of the patient. In an example, the temperature sensor
260 can cause a performance parameter of the NIBP patch/
device 200, such as a duty-cycle or sampling rate, of the
wearable NIBP patch/device 200 to be decreased when a
sensed temperature exceeds a threshold value which can
prevent thermal damage to the patient’s skin and/or patient
discomfort while wearing the NIBP patch/device 200. Alter-
natively, or additionally, the temperature sensor 260 can
cause one or more elements, devices and/or systems of the
NIBP patch/device 200 to be disabled, such as temporarily,
in response to a sensed temperature exceeding a value. Once
the temperature sensor 260 senses that the temperature of the
NIBP patch/device 200 and/or the patient’s skin has
decreased below a threshold, or other, value, the temperature
sensor 260 can cause the NIBP patch/device 200 to resume
normal, or prior, functioning.

[0046] The accelerometer 262 can sense motion of the
NIBP patch/device 200. The accelerometer 262 can the
NIBP patch/device 200 to monitor the motion, posture,
position, acceleration and/or other motion parameters of the
patient wearing the NIBP patch/device 200. In an example,
the accelerometer 262 can trigger an alert/notification in
response to one or more values, such as those that can
indicate a collapse of the patient wearing the NIBP patch/
device 200. Additionally, the accelerometer 262 can cause
the acquisition of data, such as by the NIBP module 202
and/or sensors 246 in response to one or more values. In the
example of a patient collapse, the NIBP module 202 can be
triggered to acquire a blood pressure 222 and/or vessel
dynamics 218 data to determine if the collapse was caused
by, and/or caused, a physiological change of the patient.
[0047] Further, the accelerometer 262 can be integrated
with another sensor, such as global positioning (GPS),
and/or other geolocation, sensor which can determine a
location of the patient wearing the NIBP patch/device 200.
The location of the patient can be transmitted, such as by the
communication module 266, to an external user, device
and/or system in response to an accelerometer 262 value
and/or change in value, such as caused by a collapse of the
patient. Other data, such as sensor(s) 246 and/or NIBP
module 202 data, can be transmitted along with the location
of the patient.

[0048] The gel sensor 264 can monitor the integrity of the
gel 240, such as a hydration of the gel 240. In extended
period of wearing of the NIBP patch/device 200, the integ-
rity of the gel 240 interface can deteriorate. The gel sensor
264 can monitor the integrity of the gel 240 interface and can
trigger an alert, such as to apply more/new gel 240, and/or
cause a dispenser 242 to dispense more gel 240 to the
interface.

[0049] The communication module 266 can provide wired
274 and/or wireless 268 communications from and/or to the
NIBP patch/device 200. The wireless communication 268
can be via a network, such as a Wi-Fi connection, Wi-Fi
Direct, WiGig, cellular and/or can be a local connection,
such as via near-field communication (NFC) 270 and/or
Bluetooth® connection. Additionally, the NFC connection
270 can receive radio transmissions that can be converted to
electrical power to provide power to one or more functions
of the NIBP patch/device 200. Data transmission to and/or
from the NIBP patch/device 200 can be with an external
user, device and/or system and can include the various
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physiological data, such as sensor(s) 246 data and/or NIBP
module 202 data, and/or instructions to cause the NIBP
patch/device 200 and/or an external device/system to per-
form one or more functions.

[0050] Functioning/status of the NIBP patch/device 200
can also be obtained via the communication module 266.
The NIBP patch/device 200 can be interrogated, such as via
the NFC 270 and/or Bluetooth® 272 connection, for a status
of the NIBP patch/device 200 and/or the status various
elements, devices, systems and/or functionality thereof. As
part of the interrogation, the NIBP patch/device 200 can also
transmit identifying information, such as a serial number of
the NIBP patch/device 200. Status of the NIBP patch/device
200 can include self-test data, a status of the gel 240 as
sensed/determined by the gel sensor 264, an activation date
of the NIBP patch/device 200, and/or other NIBP patch/
device 200 status information. In an example, the status of
the NIBP patch/device 200 can include a status of the energy
source 232, remaining energy, remaining NIBP patch/device
200 run time on the available energy, and/or other status
information regarding the energy source 232.

[0051] Ifthe status of the NIBP patch/device 200 indicates
a depleted and/or low power of the energy source 232, a user
or other can replace the energy source 232 and/or replace the
NIBP patch/device 200 with a new NIBP patch/device 200.
As part of replacement of the NIBP patch/device 200, data
from each NIBP patch/device 200 can be collected prior to
removal of the old/depleted NIBP patch/device 200 to allow
the measurements, such as blood pressure 222, to be com-
pared for correlation. The correlation of the data can be used
to verify that the data from each of the NIBP patches/devices
200 is correct, or agreed upon, between the two NIBP
patches/devices 200. Alternatively, or additionally, the data
collected from one or more of the NIBP patches/devices 200
can be corrected to align the data collected from both NIBP
patches/devices 200.

[0052] An optional display 276 can provide a visual output
to the user and/or others, such as to display the NIBP module
202, sensor(s) 246 and/or other data. The display 276 can
include a screen upon which such data can be displayed
and/or one or more other types of output to a user such as
audible, visual, haptic, and/or other output. Additionally, the
display 276 can provide input functionality, such as a
touchscreen, to allow a user, or other, to input instructions
and/or data to the NIBP patch/device 200.

[0053] The notification module 278 can provide visual
280 and/or andible 282 notifications, such as alerts, to the
patient, a user, a device and/or system. Other types of
notifications, such as haptic output, can also be used and any
combination of the disclosed notifications can also be
included. The notifications can be in response to sensed data,
such as the blood pressure 222, vessel dynamics 218,
sensor(s) 246 and/or other data. Additionally, and/or alter-
natively, the notifications can be with regards to one or more
elements, devices and/or systems of the NIBP patch/device
200 and/or functioning thereof. For example, the notification
module 278 can provide a notification when the energy
source 232 is low so that a user can take appropriate action
to continue the functioning of the NIBP patch/device 200, if
desired/required.

[0054] When the energy source 232 is low, the user can be
alerted to measure the battery consumption with a coulomb
counter or alternatively an energy consumption estimator,
for example. If blood pressure is still needed when the NIBP
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patch energy source is nearly drained, the user is alerted by
the monitoring device. The user is prompted to place a new
patch in place of or near the depleted one and measurements
may be initially compared, in some examples, between the
two NIBP patches before the near-depleted one is removed,
and logged for any retrospective questions regarding differ-
ences in device or location on the body.

[0055] The processing module 284 can process data and/or
control one or more functions/features of the NIBP patch/
device 200. The processing module 284 can include a
processor 286 and/or memory 288 for storing data and/or
instructions for execution by the processor 286. Data stored
in the memory 288 can include blood pressure 222, vessel
dynamics 218, sensor(s) 246 and/or other data of the NIBP
patch/device 200. The processing module 284 can monitor/
process data from the sensor(s) 246 and/or the NIBP module
202 and can cause one or more function/features of the NIBP
patch/device 200 to be performed in response to the data.
Additionally, the processing module 284 can receive data
and/or instructions from an external device/system, such as
via the communication module 266, and can cause one or
more function/features of the NIBP patch/device 200 to be
performed in response.

[0056] The processing module 284 can also control the
acquisition of data, such an NIBP signal/data and/or sensor
(s) 246 data, by the NIBP patch/device 200. The processing
module 284 can schedule the data acquisition, such as a
continuous, interval and/or spaced apart data acquisition(s).
Further, the acquisition of data via the NIBP module 202,
NIBP processing module 216 and/or the sensor(s) 246 can
be combined or interleaved, such as based on a desired, or
required, sampling rate for the one or more data acquisitions.
Alternatively, the acquisition of the NIBP data and/or sensor
data can be asynchoronously combined. Additionally, the
acquisition of data by the NIBP patch/device 200 can be
performed on an instructed basis, such as in response to
receiving an external communication via the communication
module 266 to cause one or more of a blood pressure 222,
vessel dynamics 218, and/or sensor(s) 246 data.

[0057] FIG. 3 illustrates an example non-invasive blood
pressure (NIBP) device 300 that can calculate, or determine,
one or more vessel dynamics 310 and/or blood pressure 314
of a patient that the NIBP device 300 monitors, as discussed
above. The NIBP device 300 includes an NIBP sensor
module 302 and an NIBP processing module 308. The NIBP
sensor module 302 can radiate energy into tissues of the
patient and can sense, or receive, energy reflected therefrom
to generate an NIBP signal and/or data. The NIBP process-
ing module can process the NIBP signal/data to calculate the
blood pressure 314 and/or vessel dynamics 310 of the
patient.

[0058] The NIBP sensor module 302 can include an ultra-
sound emitter 304 and a sensor/receiver 306. The ultrasound
emitter 304 radiates ultrasound waves into the tissues of the
patient and the reflected energy can be sensed by the
sensor/receiver 306 to generate the NIBP signal/data.
[0059] The NIBP processing module 308 can include
signal processing 316 to calculate the blood pressure 314
and/or vessel dynamics 310 of the patient based on the NIBP
signal and/or data from the NIBP sensor module 302. The
signal processing 316 can include filtering 318, amplifica-
tion 320 and/or beamforming 322. The NIBP signal/data can
be received at the NIBP processing module 308 via various
processing channels 324, such as channel 326a, 3265 . . .
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326n. The number of processing channels 324 can be based
on a sampling rate, and/or number of sensors, of the sensor/
receiver 306 of the NIBP sensor module 302, and/or other
sensors, such as physiological sensors, that can be included
on and/or communicate with the NIBP device 300. A typical
ultrasound machine is used to image internal structures of
the patient, in comparison, the ultrasound of the NIBP
device 300 is used to generate data from which various
parameters can be calculated. Due to the simplified nature,
the number of processing channels 324 required in the NIBP
device 300 can be significantly lower, or fewer, than the
number of processing channels of a typical ultrasound
imaging device. The number of processing channels 324 of
the NIBP device 300 can be sufficient enough to allow for
multiple sensors of the sensor/receiver 306 to generate NIBP
signal(s)/data for processing. The number of sensors of the
sensor/receiver 324 can allow for a wide area of patient
tissue from which NIBP signal/data can be gathered/re-
ceived. The processing of the NIBP signal/data can focus on
a target vessel(s) based on the NIBP signal/data. To focus the
ultrasound emitter 304 on the target vessel(s), the beam-
forming 322 can be used to direct the emitted ultrasound.

[0060] The signal processing 316 can include an analog-
to-digital converter (ADC), such as 410 of FIG. 4, to convert
the reflected ultrasound energy, received by the sensor/
receiver 306, into a digital signal 412. The sampling rate of
the ADC 410 can be relatively high, allowing the interleav-
ing of sampling of other sensors, such as other physiological
sensors. In this manner, a single ADC 410 can be used in the
sampling of not only the NIBP signal/data 402, but also data
404 from other sensors of, and/or communicating with, the
NIBP device 300. The other sensors can require reduced
sampling rates in comparison to the sampling rate of the
sensor/receiver 306 and so can be combined or interleaved.
An analog multiplexer (MUX) 406 can be connected to the
input of the ADC 410 to combine the multiple inputs. The
MUX can include any semiconductor switch, such as a
metal-oxide semiconductor field-effect transistor (MOS-
FET) switch for example, or a microelectromechanical sys-
tems (MEMS) switch.

[0061] Certain sensors, such as ECG sensors, can require
higher sampling rates compared to other sensors, in which
case the sampling rate and/or interleaving of the ADC 410
can be adjusted/modified to allow the NIBP signal/data 402
and/or other sensor data 404 to be sampled as needed/
required. Further, a low-noise amplifier (LNA) 408 can be
disposed between the MUX 406 and the ADC 410, allowing
the multiple sensors, such as those of the sensor/receiver
306, to share a single LNA 408, which can reduce cost
and/or complexity of the NIBP device 300. Alternatively, the
MUX can be disposed between the LNA and the ADC if
signal amplification is needed before entering the MUX.
Additionally, multiple LNAs can be used that are each
disposed to condition the signals that are input to a single
MUX in some examples.

[0062] Beamforming 322 and/or other imaging techniques
can be used to assist with collecting/generating the NIBP
signal and/or data. Example beamforming techniques can
include synthetic aperture imaging, plane-wave imaging,
very fast Doppler imaging, adaptive beamforming, pan-
oramic imaging and/or other beamforming techniques.
Example other imaging techniques can include isonification
techniques, such as harmonic imaging, coded pulses and/or
FM pulses, and/or other signal/image processing techniques,
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such as compression, segmentation, pattern recognition,
classification, and/or other techniques. Using the beamform-
ing 322 and/or other imaging techniques, the NIBP sensor
module 302 and/or the NIBP processing module 308 can
map a patient’s vasculature that is within the view of the
ultrasound emitter(s) 304. Based on the vasculature, the
beamforming and/or other imaging techniques can focus on
a best vessel of opportunity of the mapped vasculature and
can calculate real-time blood pressure 314 and/or vessel
dynamics 310.

[0063] FIG. 5 illustrates an example non-invasive blood
pressure (NIBP) patch system 500 that includes an NIBP
patch 510 that communicates 512 with a display device 520.
The NIBP patch 510 can calculate and/or monitor a blood
pressure of a patient 502 on which the NIBP patch 510 is
placed on, and/or affixed. The NIBP patch 510 can include
one or more emitters and sensors to radiate energy, such as
ultrasound or light, into tissues of the patient 502 and to
sense the energy reflected therefrom. The reflected energy
can be received and processed to determine blood pressure
and/or vessel dynamics of the patient 502. Additionally, the
NIBP patch 510 can include other sensors, such as physi-
ological, temperature and/or motion sensors, to monitor
other physiological parameters and/or status of the patient
502 and/or status of the NIBP patch 510.

[0064] The display device 520 can receive, via commu-
nication 512, the collected data, such as blood pressure,
vessel dynamics, physiological and/or NIBP patch 510 sta-
tus data, for display. The display device 520 can include a
visual display, such as a screen, and/or an audible display,
such as a speaker, to present the received data from the NIBP
patch 510. In addition to displaying the received data, the
display device 520 can also display data received from other
sources, such as other devices/system monitoring and/or
treating the patient 502, to provide comprehensive display of
patient 502 data. Additionally, the display device 520 can
correlate the data displayed thereon to assist with monitoring
and/or treating the patient 502.

[0065] Data received by the display 520 from the NIBP
patch 510 can also be transmitted by the display 520, and/or
NIBP patch 510, to another external user, device and/or
system. The display device 520 can receive data from the
NIBP patch 510 continuously and/or in intervals. In an
example, the display device 520 can interrogate the NIBP
patch 510 to receive a response from the NIBP patch 510
that includes the data.

[0066] Communications 512 between the display device
520 and the NIBP patch 510 can include data transmissions
and, optionally, power transmissions, such as via a near-field
communication (NFC). In an example, the display device
520 can broadcast a power signal, such as a radio transmis-
sion, that can be received by the NIBP patch 510 to induce
a current in the NIBP patch 510 that powers one or more
functions/features of the NIBP patch 510. In response, the
NIBP patch 510 can perform the one or more functions/
features and/or transmit collected data from the NIBP patch
510 to the display device 520. This can allow the NIBP patch
510 to operate in a low/reduced-power mode when not
receiving the power signal from the display device 520,
operate when receiving the power signal from the display
device 520 and/or transmit data in response to the power, or
other, signal from the display device 520.

[0067] It will be appreciated that variants of the above-
disclosed and other features and functions, or alternatives
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thereof, may be combined into many other different devices,
systems and/or applications. Various presently unforeseen or
unanticipated alternatives, modifications, variations, or
improvements therein may be subsequently made by those
skilled in the art which are also intended to be encompassed
by the following claims.

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

a non-invasive blood pressure (NIBP) module configured
to measure a blood pressure of a patient without
restricting a blood vessel of the patient, the NIBP
module having;
one or more energy emitters configured to emit energy

towards blood flowing through a blood vessel of a
patient;
one or more energy detectors configured to:
receive energy reflected from one or both of the
blood vessel or the surrounding tissue;
receive Doppler shifted energy reflected from the
flowing blood; and
generate a reflected energy signal based on both the
received energy from the one or both of the blood
vessel and the surrounding tissue and the Doppler
shifted energy reflected from the flowing blood;
at least one sensor configured to sense one or more of
physiological data, data about the NIBP module, or an
ambient environment of the NIBP module and to gen-
erate a sensor data signal;
a processing module configured to:
receive a combined NIBP signal based, at least in part,
on the reflected energy signal and the sensor data
signal;

determine an instantaneous blood velocity and a pulse
wave velocity of the blood flowing through the blood
vessel based, at least in part, on the combined NIBP
signal;

determine the blood pressure based at least in part on
the determined instantaneous blood velocity and the
pulse wave velocity;

generate a NIBP output that includes the blood pres-
sure;

generate a sensor data output based, at least in part, on
the sensed one or more of the physiological data, the
data about the NIBP module, or the ambient envi-
ronment of the NIBP module.

2. The system of claim 1, wherein the one or more energy
emitters of the NIBP module are configured to output
ultrasound energy.

3. The system of claim 1, wherein the one or more energy
emitters of the NIBP module are configured to output light
energy.

4. The system of claim 1, wherein the at least one sensor
includes one or more of an impedance sensor, an electro-
cardiogram sensor, an oxygenation sensor, an oximetry
sensor, a capnography sensor, an ambient temperature sen-
sor, an accelerometer, or a gel sensor.

5. The system of claim 1, further comprising a commu-
nication module configured to transmit one or more of the
physiological data, the data about the NIBP module, the data
about the ambient environment of the NIBP module, the
NIBP output, or the sensor output to another computing
device.
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6. The system of claim 5, further wherein the NIBP
module and the communication module are integrated
within a patch that is structured to be affixed to the patient.
7. The system of claim 6, wherein the communication
module is further configured to transmit one or more of the
physiological data, the data about the NIBP module, the data
about the ambient environment of the NIBP module, the
NIBP output, or the sensor output to another computing
device to a remote computing device that includes the
processing module.
8. The system of claim 7, wherein the communication
module is configured to wirelessly transmit the one or more
of the physiological data, the data about the NIBP module,
the data about the ambient environment of the NIBP module,
the NIBP signal data, or the sensor data signal to the another
computing device.
9. The system of claim 5, wherein the NIBP module, the
communication module, and the processing module are
integrated within a patch that is structured to be affixed to the
patient.
10. The system of claim 1, further comprising an on-board
energy source that powers one or more of the NIBP module,
the processing module, or the one or more sensors.
11. The system of claim 1, further comprising a notifica-
tion module configured to output a user notice is response to
one or more values of the physiological data, the data about
the NIBP module, the data about the ambient environment of
the NIBP module, the NIBP output, or the sensor output.
12. The system of claim 1, wherein the processing module
is further configured to evaluate a physiological state of the
patient based on the NIBP data signal and the sensor data
output including one or both of characteristics of a cardiac
condition of the patient or vessel dynamics of the patient.
13. A non-invasive blood pressure monitoring system,
comprising:
a means for measuring non-invasive blood pressure
(NIBP) in a patient without restricting a blood vessel of
the patient;
at least one sensor configured to sense one or more of
physiological data, data about the NIBP module, or an
ambient environment of the NIBP module; and
a processing module configured to:
receive a combined NIBP signal based, at least in part,
on the reflected energy signal and the sensor data
signal;

determine an instantaneous blood velocity and a pulse
wave velocity of the blood flowing through the blood
vessel based, at least in part, on the interleaved
output;

determine blood pressure based at least in part on the
determined instantaneous blood velocity and the
pulse wave velocity;

Dec. 27,2018

generate a NIBP output that includes the blood pres-
sure;

generate a sensor data output based, at least in part, on
the sensed one or more of the physiological data, the
data about the NIBP module, or the ambient envi-
ronment of the NIBP module.

14. The system of claim 13, wherein the at least one
sensor includes one or more of an impedance sensor, an
electrocardiogram sensor, an oxXygenation sensor, an oxim-
etry sensor, a capnography sensor, an ambient temperature
sensor, an accelerometer, or a gel sensor.

15. The system of claim 13, further comprising a com-
munication module configured to transmit one or more of
the physiological data, the data about the NIBP module, the
data about the ambient environment of the NIBP module, the
NIBP output, or the sensor data signal to another computing
device.

16. The system of claim 15, further wherein the NIBP
module and the communication module are integrated
within a patch that is structured to be affixed to the patient.

17. The system of claim 16, wherein the communication
module is further configured to transmit one or more of the
physiological data, the data about the NIBP module, the data
about the ambient environment of the NIBP module, the
NIBP signal data, or the sensor data signal to another
computing device to a remote computing device that
includes the processing module.

18. The system of claim 17, wherein the communication
module is configured to wirelessly transmit the one or more
of the physiological data, the data about the NIBP module,
the data about the ambient environment of the NIBP module,
the NIBP signal data, or the sensor data signal to the another
computing device.

19. The system of claim 13, wherein the NIBP module,
the communication module, and the processing module are
integrated within a patch that is structured to be affixed to the
patient.

20. The system of claim 13, further comprising an on-
board energy source that powers one or more of the NIBP
module, the processing module, or the one or more sensors.

21. The system of claim 13, wherein the sample rate of the
ADC is adjustable.

22. The system of claim 13, wherein the sample rate of the
ADC is adjustable based on a type of the physiological data,
the data about the NIBP module, or the ambient environment
of the NIBP module.

23. The system of claim 13, further comprising a notifi-
cation module configured to output a user notice is response
to one or more values of the physiological data, the data
about the NIBP module, the data about the ambient envi-
ronment of the NIBP module, the NIBP signal data, or the
sensor data signal.
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