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CONTINUOUS NON-INVASIVE BLOOD PRESSURE MEASUREMENT DEVICE

BACKGROUND
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/809,876, filed February 25th, 2019, which is incorporated by reference herein in its

entirety.

Field

[0002] Embodiments of the invention relate to non-invasive blood pressure
measurement.
Relevant Background

[0003] Conventionally, absolute non-invasive blood pressure measurements are
performed using external cuffs that apply pressure to one or more arteries and the response of
the arteries is observed to determine the patient’s blood pressure. Auscultatory and
oscillometric blood pressure cuffs typically use this technique to obtain discrete (non-
continuous) blood pressure measurements. A volume clamp method (e.g., typically used with
a finger cuff) may relate to a technique for obtaining continuous blood pressure
measurements.

[0004] Applying pressure to a patient’s arteries has downsides. The large pressures
required by auscultatory and oscillometric techniques are uncomfortable and may damage
arteries if performed too frequently. Thus, use of these techniques is typically limited to a
single measurement every 3-5 minutes. The volume clamp method applies lower but
continuous pressure, which may result in venous pooling and uncomfortable numbness in the
patient’s finger.

[0005] “Cuff-less” blood pressure measurement techniques that do not require
applying an external force to the arteries or require very low forces have been developed.
Pulse wave analysis (PWA) techniques that obtain an arterial pulsatility waveform, extract
amplitude and timing features, and track changes in those features over time that correlate
with changes in blood pressure over time are the most successful class of cuff-less blood
pressure measurement techniques. Examples of PWA techniques include
photoplethysmography techniques developed by Centre Suisse d’Electronique et de
Microtechnique (CSEM).
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[0006] Unfortunately, these types of PWA techniques alone do not enable absolute

blood pressure measurements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a diagram illustrating an example of an environment in which
optional examples of the disclosure may be practiced.

[0008] FIG. 2 is a diagram illustrating another view of an example of an arm cuff
according to optional examples.

[0009] FIGS. 3A and 3B are data plots illustrating data gathered and processed in the
operation of an optional example of a device as described herein.

[0010] FIG. 4 is flowchart illustrating an optional example method for continuously
monitoring the blood pressure of a patient with an arm cuff according to optional examples.

[0011] FIG. 5 is a block diagram illustrating an optional example device.

DETAILED DESCRIPTION

[0012] Various optional examples and aspects of the disclosures will be described
with reference to details discussed below, and the accompanying drawings will illustrate the
various optional examples. The following description and drawings are illustrative of the
disclosure and are not to be construed as limiting the disclosure. Numerous specific details
are described to provide a thorough understanding of various optional examples of the
present disclosure. However, in certain instances, well-known or conventional details are not
described in order to provide a concise discussion of optional examples of the present
disclosures.

[0013] Reference in the specification to “one embodiment” or “an embodiment™ or
“optional example” means that a particular feature, structure, or characteristic described in
conjunction with the embodiment or optional example can be included in at least one
embodiment or optional example of the disclosure. The appearances of the phrase “in one
embodiment” or “optional example” in various places in the specification do not necessarily
all refer to the same embodiment or same optional example.

[0014] Optional examples of the disclosure may relate to method and apparatus for
continuously monitoring the blood pressure of a patient with an arm cuff. Optional examples
of the operations may comprise: determining a baseline absolute blood pressure; continuously

determining a photoplethysmogram associated with an arterial blood flow; determining a
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pulsatility waveform based on the photoplethysmogram; and continuously monitoring and
determining the patient’s blood pressure based on the baseline absolute blood pressure and
the pulsatility waveform.

[0015] Additional optional examples may relate to an arm cuff device comprising a
light-emitting diode (LED) — photodiode (PD) assembly and a processor to: determine a
baseline absolute blood pressure; continuously determine a photoplethysmogram associated
with an arterial blood flow from the LED-PD assembly; determine a pulsatility waveform
based on the photoplethysmogram; and continuously monitor and determine a patient’s blood
pressure based on the baseline absolute blood pressure and the pulsatility waveform.

[0016] In particular, as will be described in more detail, one optional example may
relate to combining a photoplethysmogram sensor (e.g., an LED-PD assembly) that obtains a
pulsatility waveform from which changes in blood pressure may be estimated using pulse
wave analysis (PWA) techniques in combination with an external arm cuff that measures
discrete absolute blood measurements from which changes can be tracked.

[0017] With reference to Figure 1, a diagram illustrating an optional example of an
environment 100 in which optional examples may be practiced is shown. As shown in Figure
1, an arm cuff 110 may be placed around a patient’s upper arm. The arm cuff 110 may be of
conventional shape — approximately circular and conical shaped with a cavity to accept the
patient’s arm. The arm cuff 110 may comprise components necessary for conventional
oscillometric blood pressure measurement (e.g., pneumatic elements, pressure sensors, etc.).
Arm cuffs to perform oscillometric blood pressure measurement are well known in the art.
However, arm cuff 110, according to optional examples of the disclosure, may further include
a photoplethysmogram sensor, such as an LED-PD assembly, as will be described in more
detail hereafter. Although an LED-PD assembly is described as an optional example of the
photoplethysmogram sensor, it should be appreciated that any suitable sensor may be utilized,
such as, other optical sensors, light sensors, wave sensors, etc.

[0018] In one optional example, the photoplethysmogram sensor may include one or
more LEDs and a PD. In this way, the photoplethysmogram sensor may illuminate a portion
of the patient’s arm with the LEDs, and measures the light reflected off of the arm with the
PD. The light is absorbed by the blood in the patient’s arm, and less light is reflected when
more blood is passing through the arm, and vice versa. In other words, the light reflected off
of the arm of the patient is inversely correlated with a blood flow volume. In different

optional examples, LEDs that emit light with different frequencies (e.g., infrared, red, or
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green light) may be utilized, so long as the light can be absorbed by the blood. Accordingly,
a photoplethysmogram may be obtained. A pulsatility waveform suitable for pulse waveform
analysis (PWA) can be derived from the photoplethysmogram with conventional methods.
For example, the pulsatility waveform may be related to the AC portion of the
photoplethysmogram.

[0019] In one optional example, an oscillometric blood pressure measurement may
first be performed with the arm cuff 110 to obtain an absolute baseline blood pressure. In one
optional example, the absolute baseline blood pressure may include systolic pressure,
diastolic pressure, and mean arterial pressure (MAP). The oscillometric blood pressure
measurement typically requires applying pressure to the patient’s arm for a short period of
time (e.g., approximately 30 seconds). It should be appreciated that in another optional
example, a technique other than the oscillometric method may be utilized to obtain the
absolute baseline blood pressure. Also, as has been described, arm cuffs to obtain
oscillometric blood pressure measurements are known in the art.

[0020] According to an optional example of the disclosure, afterwards, the arm cuff
110 releases pressure and the photoplethysmogram sensor (e.g., the LED-PD assembly)
continuously acquires the photoplethysmogram, and based upon that, the pulsatility
waveform. According to one optional example, changes in the systolic, diastolic and mean
arterial pressures from the initial oscillometric values may be continuously tracked by
analyzing the pulsatility waveform with pulse waveform analysis (PWA) techniques. Also,
in one optional example, a low pressure that does not meaningfully impede arterial blood
flow may be retained in the arm cuff 110 during the continuous monitoring phase to bring the
photoplethysmogram sensor close to the patient, or to keep the sensor at a fixed proximity of
the patient.

[0021] Further, as an optional example, arm cuff 110 may be coupled to a patient
monitoring device 120 through a power/data cable. The patient monitoring device 120 may
be any type of medical electronic device that may read, collect, process, display, etc.,
physiological readings/data of a patient including blood pressure, as well as any other suitable
physiological patient readings. Accordingly, the power/data cable may transmit data to and
from patient monitoring device 120 and also may provide power from the patient monitoring
device 120 to the arm cuff 110. The patient monitoring device 120 may be mounted to or be
a part of the arm cuff 110, itself, or may be remotely located. Also, in some optional

examples the patient monitoring device 120 may not be connected by a cable and may be in
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wireless communication with the arm cuff 110. It should be appreciated that these are just
optional examples of the use of a patient monitoring device that may or may not be used with
other optional examples.

[0022] With additional reference to Figure 2, a diagram illustrating another view of
an example of an arm cuff 110 according to one optional example is shown. As described
above, the arm cuff 110 may include components 210 utilized for conventional oscillometric
blood pressure measurement (e.g., pneumatic elements, pressure sensors, etc.) and further,
according to optional examples of the disclosure, may include a photoplethysmogram sensor
215. In one optional example, the photoplethysmogram sensor 215 can be an LED-PD
assembly 215, and further may include one or more LEDs 220 and a PD 230. In one optional
example, the photoplethysmogram sensor 215 may be on the inside of the arm cuff 110.

[0023] With this configuration, in one optional example, an oscillometric blood
pressure measurement may first be performed with the arm cuff 110, particularly, with
components 210, to obtain a baseline absolute blood pressure. Thereafter, in one optional
example, in the continuous monitoring phase, the photoplethysmogram sensor 215 may
continuously acquire the photoplethysmogram and therefore the pulsatility waveform. In
particular, in one optional example, the LEDs 220 may illuminate a portion of the arm of the
patient where the arm cuff 110 is worn and over which the photoplethysmogram sensor 215
is situated and the PD 230 may measure the light reflected off of the arm. In one optional
example, once the pulsatility waveform is obtained, PWA techniques may be utilized to
continuously track changes in the patient’s blood pressure (e.g., systolic, diastolic, and mean
arterial pressure values). In this way, by utilizing PWA techniques on the pulsatility
waveform, the patient’s blood pressure (e.g., systolic, diastolic, and mean arterial pressure
values) can be tracked, determined, and displayed on the monitoring device 120. Thus, in
optional example, the patient’s blood pressure can be continuously monitored, tracked,
determined, and displayed based on the baseline absolute blood pressure and the pulsatility
waveform utilizing PWA techniques. Such PWA techniques may include any suitable PWA
technique, such as techniques developed by Centre Suisse d’Electronique et de
Microtechnique (CSEM).

[0024] As has been described, in one optional example, the arm cuff 110 obtains an
absolute blood pressure measurement utilizing oscillometric blood pressure measurement
techniques (e.g., from the patient’s brachial artery), which is discrete and non-continuous,

and then tracks the patient’s blood pressure via analysis of the pulsatility waveform obtained
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from the PD 230 by PWA techniques. In particular, in one optional example, the pulsatility
waveform obtained by the PD 230, by utilizing PWA techniques, may be used to
continuously monitor, track, update, and display the patient’s blood pressure based on the
previously measured baseline absolute blood pressure. Therefore, a periodic absolute blood
pressure measurement may be taken that is then tracked via analysis of the pulsatility
waveform by PWA techniques to continuously monitor, track, update, and display the
patient’s blood pressure. In one optional example, the use of photoplethysmogram sensor
215 offers the opportunity of obtaining a high quality pulsatility waveform from the brachial
artery.

[0025] Referring to Figures 3A and 3B, data plots 300A, 300B according to optional
examples of the disclosure are shown. Figure 3A shows a pulsatility waveform 300A
obtained at the brachial artery using a photoplethysmogram sensor 215 integrated into a
brachial arm cuff 110. Further, Figure 3B shows a power spectral density of the waveform
300A in the frequency range for PWA.

[0026] With additional reference to Figure 4, a flowchart illustrating an optional
example method 400 for continuously monitoring the blood pressure of a patient with an arm
cuff 110 according to one optional example is shown. At block 410, a baseline absolute
blood pressure may be determined. At block 420, a photoplethysmogram associated with an
arterial blood flow may be continuously determined. At block 430, a pulsatility waveform
may be determined based on the photoplethysmogram. At block 440, the patient’s blood
pressure may be continuously monitored and determined based on the baseline absolute blood
pressure and the pulsatility waveform. In one optional example, determining the baseline
absolute blood pressure may be accomplished by applying an oscillometric blood pressure
measurement technique. In one optional example, the baseline absolute blood pressure may
include systolic pressure, diastolic pressure, and mean arterial pressure of the patient. As has
been described, in one optional example, the photoplethysmogram associated with the arterial
blood flow may be determined using a light-emitting diode (LED) — photodiode (PD)
assembly 215 disposed in the arm cuff 110. In one optional example, the determining of
photoplethysmogram comprises illuminating a portion of an arm of the patient with one or
more LEDs 220 of the LED-PD assembly 215 and measuring light reflected off of the arm of
the patient with a PD 230 of the LED-PD assembly 215. The patient’s blood pressure may be
continuously monitored and determined based on the baseline absolute blood pressure and the

pulsatility waveform from the photoplethysmogram. As has been described, in one optional
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example, tracking changes in the patient’s blood pressure based on the pulsatility waveform
may be accomplished by performing a pulse waveform analysis (PWA) on the pulsatility
waveform. In particular, as has been described, in one optional example, the pulsatility
waveform obtained by the PD 230, by utilizing PWA techniques, may be used to
continuously monitor, track, update, and display the patient’s blood pressure based on the
previously measured baseline absolute blood pressure.

[0027] With reference to Figure 5, a block diagram illustrating an optional example
device 500 is shown. It should be appreciated that the device 500 represents a non-limiting
optional example of the patient monitoring device 120 in implementation with the arm cuff
110 to form a patient monitoring system. The optional example device 500 may comprise a
processor 510, a memory 520, an input/output interface 530, and a storage device 540
connected with a bus 550. Under the control of the processor 510, data may be received from
an external source through the input/output interface 530, or from the storage device 540, and
stored in the memory 520, and/or may be transmitted from the memory 520 to an external
destination through the input/output interface 530, or to the storage device 540. A non-
limiting implementation of the input/output interface 530 may comprise one or more of: a
display, a touchscreen, a sensor connector port, a bidirectional communication port, etc. The
storage device 540 may be implemented with one or more of: a hard disk drive, a flash drive,
etc. The processor 510 may process, add, remove, change, or otherwise manipulate data
stored in the memory 520. Further, code may be stored in the memory 520. Alternatively or
additionally, code may be stored in the storage device 540, or received through the
input/output interface 530, and then transferred to the memory 520. The code, when
executed by the processor 510, may cause the processor 510 to perform operations relating to
data manipulation and/or transmission and/or any other possible operations.

[0028] Therefore, one optional example of the disclosure is related to a patient
monitoring system, comprising: an arm cuff 110; a memory 520; and a processor 510 coupled
to the memory 520, the processor 510 to: determine a baseline absolute blood pressure;
continuously determine a photoplethysmogram associated with an arterial blood flow;
determine a pulsatility waveform based on the photoplethysmogram; and continuously
monitor and determine a patient’s blood pressure based on the baseline absolute blood
pressure and the pulsatility waveform. Further, processor 510 may command the display of
the patient’s blood pressure on the monitoring device 120 or at another device. It should be

appreciated that many of the components of the device 500 (e.g., processor, memory, etc.)
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may be implemented as part of the monitoring device 120, but may also be implemented at
other parts of the arm cuff, or at other locations.

[0029] As one optional example, an oscillometric blood pressure measurement may
first be performed with the arm cuff 110 to obtain a baseline absolute blood pressure.
Thereafter, as one optional example, device 500 with implementation of functions by
processor 510, may implement a continuous monitoring phase, in cooperation with the
photoplethysmogram sensor 215 that continuously acquires the pulsatility waveform. In
particular, in one optional example, the LEDs 220 may illuminate a portion of the arm of the
patient where the arm cuff 110 is worn and over which the photoplethysmogram sensor 215
is situated and the PD 230 may measure the light reflected off of the arm. In one optional
example, once the pulsatility waveform is obtained, PWA techniques implemented by the
processor 510, may be utilized to continuously track changes in the patient’s blood pressure
(e.g., systolic, diastolic, and mean arterial pressure values). In this way, in one optional
example, by utilizing PWA techniques on the pulsatility waveform, the patient’s blood
pressure (e.g., systolic, diastolic, and mean arterial pressure values) can be tracked,
determined, and displayed on the monitoring device 120 or at another location. Thus, the
patient’s blood pressure can be continuously monitored, tracked, determined, and displayed
based on the baseline absolute blood pressure and the pulsatility waveform utilizing PWA
techniques. It should be appreciated that the previous description of the patient monitoring
system, device, arm cuff, monitoring device, processor, etc., are just optional examples of a
physical implementation to perform the functions, and any suitable physical implementation
may be utilized. It should be appreciated that an arm cuff 110 utilizing an oscillometric
blood measurement technique to obtain absolute blood pressure is only one optional example
and that any suitable device at any suitable location utilizing any suitable technique may be
utilized. Further, utilizing a photoplethysmogram sensor 215 that includes an LED-PD
assembly that illuminates a portion of an arm of the patient with one or more LEDs 220 and
measures light reflected off of the arm of the patient with a PD 230 to obtain a pulsatility
waveform is only one optional example and other suitable devices and methods may be
utilized. Moreover, utilizing PWA techniques on the pulsatility waveform is only one
optional example and other suitable techniques may be utilized.

[0030] Therefore, optional examples of the disclosure relate to a brachial arm cuff
with a photoplethysmogram sensor and a method for continuously monitoring a patient’s

blood pressure with a system comprising the brachial arm cuff. In one optional example, the
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absolute baseline blood pressure is first obtained with a conventional oscillometric technique.
In one optional example, the photoplethysmogram sensor is then utilized to generate a
pulsatility waveform indicative of the arterial blood flow volume. In further optional
examples, PWA techniques may thereafter be applied to the pulsatility waveform to
continuously track changes in the patient’s blood pressure.

[0031] It should be appreciated that the optional examples of the disclosure are
associated with a number of benefits. A single device, i.e., the brachial arm cuff, has been
described that can perform absolute blood pressure measurements and generate the pulsatility
waveform as well. It is beneficial to use the brachial location to generate the pulsatility
waveform because it is at the same phlebostatic level as the heart and existing medical
process flows are well acquainted with brachial oscillometric devices. Further, recent
advances in PD and LED technologies have increased the sensitivity of PDs and reduced the
cost of large area PDs, thus increasing the sensitivity of photoplethysmogram sensors at
lower costs. Accordingly, high quality waveforms can be obtained from the brachial location
where the brachial artery can be buried beneath layers of fat and muscle. Therefore,
examples of the disclosure enable accurate continuous blood pressure measurement and
monitoring.

[0032] It should be appreciated that combining an optical sensor to obtain pulsatility
waveforms for PWA BP tracking at the brachial location with a traditional oscillometric
brachial arm cuff is beneficial because it combines both absolute measurement and tracking
into a single device. Furthermore, the form factor is well understood and accepted in
established usage spaces (e.g., hospitals and other healthcare settings). Moreover, the
brachial location is at heart level and does not require compensation for hydrostatic changes
between the hand and heart. Therefore, the optional examples described combine both
absolute BP measurement with PWA BP tracking in a single device at a location that is ideal
for both absolute BP measurements and human factors within the hospital setting.

[0033] It should be appreciated that the generic principles defined herein may be
applied to other examples without departing from the spirit or scope of the invention. For
example, in one optional example, a cuff may not be used over the upper arm, but may be
located at the radial arteries or at the finger. In another optional example, in addition or as an
alternative to the blood pressure, cardiac output or other hemodynamic parameters can be

measured and tracked using similar techniques to those described herein. Further, it should



WO 2020/176206 PCT/US2020/016845

be appreciated that other techniques besides oscillometric techniques may be utilized to
obtain absolute blood pressure measurements.

[0034] 1t should be appreciated that aspects of the disclosure previously described
may be implemented in conjunction with the execution of instructions by processors,
circuitry, controllers, control circuitry, etc. (e.g., processor 510 of Figure 5). As an example,
a processor may operate under the control of a program, algorithm, routine, or the execution
of instructions to execute methods or processes (e.g., method 400 of Figure 4) in accordance
with embodiments previously described. For example, such a program may be implemented
in firmware or software (e.g. stored in memory and/or other locations) and may be
implemented by processors, control circuitry, and/or other circuitry, these terms being
utilized interchangeably. Further, it should be appreciated that the terms processor,
microprocessor, circuitry, control circuitry, circuit board, controller, microcontroller, etc.,
refer to any type of logic or circuitry capable of executing logic, commands, instructions,
software, firmware, functionality, etc., which may be utilized to execute embodiments of the
invention.

[0035] The various illustrative logical blocks, processors, modules, and circuitry
described in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a specialized processor, circuitry, a
microcontroller, a digital signal processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination thereof
designed to perform the functions described herein. A processor may be a microprocessor or
any conventional processor, controller, microcontroller, circuitry, or state machine. A
processor may also be implemented as a combination of computing devices, €.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[0036] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module/firmware executed by a processor, or any combination thereof. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM, or any other form of storage

medium known in the art. An exemplary storage medium is coupled to the processor such
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the processor can read information from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to the processor.

[0037] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from the
spirit or scope of the invention. Thus, the present invention is not intended to be limited to
the embodiments shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

[0038] The disclosure also includes the following clauses:

1. A method for continuously monitoring the blood pressure of a patient with an arm
cuff, comprising:

determining a baseline absolute blood pressure;

continuously determining a photoplethysmogram associated with an arterial blood
flow;

determining a pulsatility waveform based on the photoplethysmogram; and

continuously monitoring and determining the patient’s blood pressure based on the

baseline absolute blood pressure and the pulsatility waveform.

2. The method of claim 1, wherein determining the baseline absolute blood pressure

comprises applying an oscillometric blood pressure measurement technique.

3. The method of any of the claims 1-2, wherein the baseline absolute blood pressure

further comprises a systolic pressure, a diastolic pressure, and a mean arterial pressure.
4. The method of any of the claims 1-3, wherein the photoplethysmogram associated
with the arterial blood flow is determined using a light-emitting diode (LED) — photodiode

(PD) assembly disposed in the arm cuff.

5. The method of any of the claims 1-4, wherein the determining of

photoplethysmogram comprises illuminating a portion of an arm of the patient with one or

11
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more LEDs of an LED-PD assembly and measuring light reflected off of the arm of the
patient with a PD of the LED-PD assembly.

6. The method of any of the claims 1-5, wherein continuously monitoring and
determining the patient’s blood pressure based on the baseline absolute blood pressure and
the pulsatility waveform comprises tracking changes in the patient’s blood pressure based on

the pulsatility waveform.

7. The method of claim 6, wherein tracking changes in the patient’s blood pressure
based on the pulsatility waveform comprises performing a pulse waveform analysis (PWA)

on the pulsatility waveform.

8. A patient monitoring system, comprising:
an arm cuff;
a memory; and
a processor coupled to the memory, the processor configured to:
determine a baseline absolute blood pressure;
continuously determine a photoplethysmogram associated with an
arterial blood flow;
determine a pulsatility waveform based on the photoplethysmogram;
continuously monitor and determine a patient’s blood pressure based
on the baseline absolute blood pressure and the pulsatility waveform; and
command the display of the patient’s blood pressure on a monitoring

device.

9. The patient monitoring system of claim 8, wherein determining the baseline
absolute blood pressure comprises applying an oscillometric blood pressure measurement

technique.
10. The patient monitoring system of any of the claims 8-9, wherein the baseline

absolute blood pressure further comprises a systolic pressure, a diastolic pressure, and a mean

arterial pressure.

12
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11. The patient monitoring system of any of the claims 8-10, wherein the
photoplethysmogram associated with the arterial blood flow is determined using a light-

emitting diode (LED) — photodiode (PD) assembly disposed in the arm cuff.

12. The patient monitoring system of any of the claims 8-11, wherein the determining
of photoplethysmogram comprises illuminating a portion of an arm of the patient with one or
more LEDs of an LED-PD assembly and measuring light reflected off of the arm of the
patient with a PD of the LED-PD assembly.

13. The patient monitoring system of any of the claims 8-12, wherein continuously
monitoring and determining the patient’s blood pressure based on the baseline absolute blood
pressure and the pulsatility waveform comprises tracking changes in the patient’s blood

pressure based on the pulsatility waveform.

14. The patient monitoring system of claim 13, wherein tracking changes in the
patient’s blood pressure based on the pulsatility waveform comprises performing a pulse

waveform analysis (PWA) on the pulsatility waveform.

15. An arm cuff device, comprising:
a light-emitting diode (LED) — photodiode (PD) assembly; and
a processor configured to:

determine a baseline absolute blood pressure;

continuously determine a photoplethysmogram associated with an
arterial blood flow from the LED-PD assembly;

determine a pulsatility waveform based on the photoplethysmogram;
and

continuously monitor and determine a patient’s blood pressure based

on the baseline absolute blood pressure and the pulsatility waveform.

16. The arm cuff device of claim 15, wherein determining the baseline absolute blood

pressure comprises applying an oscillometric blood pressure measurement technique.
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17. The arm cuff device of any of the claims 15-16, wherein the baseline absolute
blood pressure further comprises a systolic pressure, a diastolic pressure, and a mean arterial

pressurc.

18. The arm cuff device of any of the claims 15-17, wherein the LED-PD assembly

comprises one or more LEDs and a PD.

19. The arm cuff device of claim 18, wherein the one or more LEDs illuminate a
portion of an arm of the patient, and the PD measures light reflected off of the arm of the

patient.
20. The arm cuff device of claim 19, wherein the light reflected off of the arm of the
patient is inversely correlated with a blood flow volume, and is used to generate the

pulsatility waveform.

21. The arm cuff device claim 20, wherein a pulse waveform analysis (PWA) is

performed on the pulsatility waveform to track changes in the patient’s blood pressure.

14



WO 2020/176206 PCT/US2020/016845

WHAT IS CLAIMED IS:

1. A method for continuously monitoring the blood pressure of a patient with an arm
cuff, comprising:

determining a baseline absolute blood pressure;

continuously determining a photoplethysmogram associated with an arterial blood
flow;

determining a pulsatility waveform based on the photoplethysmogram; and

continuously monitoring and determining the patient’s blood pressure based on the

baseline absolute blood pressure and the pulsatility waveform.

2. The method of claim 1, wherein determining the baseline absolute blood pressure

comprises applying an oscillometric blood pressure measurement technique.

3. The method of any of the claims 1-2, wherein the baseline absolute blood pressure

further comprises a systolic pressure, a diastolic pressure, and a mean arterial pressure.

4. The method of any of the claims 1-3, wherein the photoplethysmogram associated
with the arterial blood flow is determined using a light-emitting diode (LED) — photodiode
(PD) assembly disposed in the arm cuff.

5. The method of any of the claims 1-4, wherein the determining of
photoplethysmogram comprises illuminating a portion of an arm of the patient with one or
more LEDs of an LED-PD assembly and measuring light reflected off of the arm of the
patient with a PD of the LED-PD assembly.

6. The method of any of the claims 1-5, wherein continuously monitoring and
determining the patient’s blood pressure based on the baseline absolute blood pressure and
the pulsatility waveform comprises tracking changes in the patient’s blood pressure based on

the pulsatility waveform.

7. The method of claim 6, wherein tracking changes in the patient’s blood pressure
based on the pulsatility waveform comprises performing a pulse waveform analysis (PWA)

on the pulsatility waveform.
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8. A patient monitoring system, comprising:
an arm cuff;
a memory; and
a processor coupled to the memory, the processor configured to:
determine a baseline absolute blood pressure;
continuously determine a photoplethysmogram associated with an
arterial blood flow;
determine a pulsatility waveform based on the photoplethysmogram;
continuously monitor and determine a patient’s blood pressure based
on the baseline absolute blood pressure and the pulsatility waveform; and
command the display of the patient’s blood pressure on a monitoring

device.

9. The patient monitoring system of claim 8, wherein determining the baseline
absolute blood pressure comprises applying an oscillometric blood pressure measurement

technique.

10. The patient monitoring system of any of the claims 8-9, wherein the baseline
absolute blood pressure further comprises a systolic pressure, a diastolic pressure, and a mean

arterial pressure.

11. The patient monitoring system of any of the claims 8-10, wherein the
photoplethysmogram associated with the arterial blood flow is determined using a light-

emitting diode (LED) — photodiode (PD) assembly disposed in the arm cuff.

12. The patient monitoring system of any of the claims 8-11, wherein the determining
of photoplethysmogram comprises illuminating a portion of an arm of the patient with one or
more LEDs of an LED-PD assembly and measuring light reflected off of the arm of the
patient with a PD of the LED-PD assembly.

13. The patient monitoring system of any of the claims 8-12, wherein continuously

monitoring and determining the patient’s blood pressure based on the baseline absolute blood
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pressure and the pulsatility waveform comprises tracking changes in the patient’s blood

pressure based on the pulsatility waveform.

14. The patient monitoring system of claim 13, wherein tracking changes in the
patient’s blood pressure based on the pulsatility waveform comprises performing a pulse

waveform analysis (PWA) on the pulsatility waveform.

15. An arm cuff device, comprising:
a light-emitting diode (LED) — photodiode (PD) assembly; and
a processor configured to:

determine a baseline absolute blood pressure;

continuously determine a photoplethysmogram associated with an
arterial blood flow from the LED-PD assembly;

determine a pulsatility waveform based on the photoplethysmogram;
and

continuously monitor and determine a patient’s blood pressure based

on the baseline absolute blood pressure and the pulsatility waveform.

16. The arm cuff device of claim 15, wherein determining the baseline absolute blood

pressure comprises applying an oscillometric blood pressure measurement technique.

17. The arm cuff device of any of the claims 15-16, wherein the baseline absolute
blood pressure further comprises a systolic pressure, a diastolic pressure, and a mean arterial

pressurc.

18. The arm cuff device of any of the claims 15-17, wherein the LED-PD assembly

comprises one or more LEDs and a PD.

19. The arm cuff device of claim 18, wherein the one or more LEDs illuminate a
portion of an arm of the patient, and the PD measures light reflected off of the arm of the

patient.
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20. The arm cuff device of claim 19, wherein the light reflected off of the arm of the
patient is inversely correlated with a blood flow volume, and is used to generate the

pulsatility waveform.

21. The arm cuff device claim 20, wherein a pulse waveform analysis (PWA) is

performed on the pulsatility waveform to track changes in the patient’s blood pressure.
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