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(57) ABSTRACT

Disclosed is a finger cuff that is attachable to a patient’s
finger to be used in measuring the patient’s blood pressure
by a blood pressure measurement system utilizing a volume
clamp method. The finger cuff comprises a bladder config-
ured to exert pressure on the patient’s finger. The finger cuff
further comprises a plurality of light emitting diodes (LEDs)
and a plurality of photodiodes (PDs) that respectively align
with one another to form a plurality of LED-PD pairs. When
the finger cuff is placed around the patient’s finger, the
bladder and the plurality of LED-PD pairs aid in measuring
the patient’s blood pressure by the blood pressure measure-
ment system utilizing the volume clamp method.
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FINGER CUFF UTILIZING MULTIPLE
SENSORS FOR BLOOD PRESSURE
MEASUREMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/561,072, filed Sep. 20, 2017,
which is incorporated herein by reference in its entirety.

BACKGROUND

Field

[0002] Embodiments of the invention relate generally to
non-invasive blood pressure measurement. More particu-
larly, embodiments of the invention relate to a finger cuff for
blood pressure measurement.

Relevant Background

[0003] Volume clamping is a technique for non-invasively
measuring blood pressure in which pressure is applied to a
patient’s finger in such a manner that arterial pressure may
be balanced by a time varying pressure to maintain a
constant arterial volume. In a properly fitted and calibrated
system, the applied time varying pressure is equal to the
arterial blood pressure in the finger. The applied time
varying pressure may be measured to provide a reading of
the patient’s arterial blood pressure.

[0004] This may be accomplished by a finger cuff that is
arranged or wrapped around a finger of a patient. The finger
cuff may include an infrared light source, an infrared sensor,
and an inflatable bladder. The infrared light may be sent
through the finger in which a finger artery is present. The
infrared sensor picks up the infrared light and the amount of
infrared light registered by the sensor may be inversely
proportional to the artery diameter and indicative of the
pressure in the artery.

[0005] In the finger cuff implementation, by inflating the
bladder in the finger cuff, a pressure is exerted on the finger
artery. If the pressure is high enough, it will compress the
artery and the amount of light registered by the sensor will
increase. The amount of pressure necessary in the inflatable
bladder to compress the artery is dependent on the blood
pressure. By controlling the pressure of the inflatable blad-
der such that the diameter of the finger artery is kept
constant, the blood pressure may be monitored in very
precise detail as the pressure in the inflatable bladder is
directly linked to the blood pressure. In a typical present day
finger cuff implementation, a volume clamp system is used
with the finger cuff. The volume clamp system typically
includes a pressure generating system and a regulating
system that includes: a pump, a valve, and a pressure sensor
in a closed loop feedback system that are used in the
measurement of the arterial volume. To accurately measure
blood pressure, the feedback loop provides sufficient pres-
sure generating and releasing capabilities to match the
pressure oscillations of the patient’s blood pressure.

[0006] Today, finger cuff based blood pressure monitoring
devices generally use the same technology (e.g., photopl-
ethysmography or similar technologies) to measure blood
pressure. Unfortunately, such finger cuff devices may not be
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easily attachable to a patient’s finger and may not be that
accurate due to the finger cuff’s positioning on the patient’s
finger.

SUMMARY

[0007] Embodiments of the invention may relate to a
finger cuff that is attachable to a patient’s finger to be used
in measuring the patient’s blood pressure by a blood pres-
sure measurement system utilizing a volume clamp method.
The finger cuff comprises a bladder configured to exert
pressure on the patient’s finger. The finger cuff further
comprises a plurality of light emitting diodes (LEDs) and a
plurality of photodiodes (PDs) that respectively align with
one another to form a plurality of LED-PD pairs. When the
finger cuff is placed around the patient’s finger, the bladder
and the plurality of LED-PD pairs aid in measuring the
patient’s blood pressure by the blood pressure measurement
system utilizing the volume clamp method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a diagram of an example of a blood
pressure measurement system according to one embodi-
ment.

[0009] FIG. 2 is a diagram illustrating an example of a
conventional finger cuff.

[0010] FIGS. 3A-3C are diagrams illustrating the example
of the conventional finger cuff that is arranged around a
finger of a patient.

[0011] FIGS. 4A-4D are diagrams illustrating cross-sec-
tional views of examples of finger cuffs according to
embodiments of the invention.

[0012] FIG. 5 is a block diagram illustrating an example
environment in which embodiments of the invention may be
practiced.

DETAILED DESCRIPTION

[0013] With reference to FIG. 1, which illustrates an
example of a blood pressure measurement system according
to one embodiment, a blood pressure measurement system
102 that includes a finger cuff 104 that may be attached to
a patient’s finger and a blood pressure measurement con-
troller 120, which may be attached to the patient’s body
(e.g., a patient’s wrist or hand) is shown.

[0014] The blood pressure measurement system 102 may
further be connected to a patient monitoring device 130, and,
in some embodiments, a pump 134. Further, finger cuff 104
may include a bladder (not shown) and an LED-PD pair (not
shown), which are conventional for finger cuffs.

[0015] In one embodiment, the blood pressure measure-
ment system 102 may include a pressure measurement
controller 120 that includes: a small internal pump, a small
internal valve, a pressure sensor, and control circuity. In this
embodiment, the control circuitry may be configured to:
control the pneumatic pressure applied by the internal pump
to the bladder of the finger cuff 104 to replicate the patient’s
blood pressure based upon measuring the pleth signal
received from the LED-PD pair of the finger cuff 104.
Further, the control circuitry may be configured to: control
the opening of the internal valve to release pneumatic
pressure from the bladder; or the internal valve may simply
be an orifice that 1s not controlled. Additionally, the control
circuitry may be configured to: measure the patient’s blood
pressure by monitoring the pressure of the bladder based
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upon the input from a pressure senor, which should be the
same as patient’s blood pressure, and may display the
patient’s blood pressure on the patient monitoring device
130.

[0016] In another embodiment, a conventional pressure
generating and regulating system may be utilized, in which,
apump 134 is located remotely from the body of the patient.
In this embodiment, the blood pressure measurement con-
troller 120 receives pneumatic pressure from remote pump
134 through tube 136 and passes on the pneumatic pressure
through tube 123 to the bladder of finger cuff 104. Blood
pressure measurement device controller 120 may also con-
trol the pneumatic pressure (e.g., utilizing a controllable
valve) applied to the finger cuff 104 as well as other
functions. In this example, the pneumatic pressure applied
by the pump 134 to the bladder of finger cuff 104 to replicate
the patient’s blood pressure based upon measuring the pleth
signal received from the LED-PD pair of the finger cuff 104
(e.g., to keep the pleth signal constant) and measuring the
patient’s blood pressure by monitoring the pressure of the
bladder may be controlled by the blood pressure measure-
ment controller 120 and/or a remote computing device
and/or the pump 134 and/or the patient monitoring device
130 to implement the volume clamping method. In some
embodiments, a blood pressure measurement controller 120
is not used at all and there is simply a connection from tube
136 from a remote pump 134 including a remote pressure
regulatory system to finger cuff 104, and all processing for
the pressure generating and regulatory system, data process-
ing, and display is performed by a remote computing device.

[0017] Continuing with this example, as shown in FIG. 1,
a patient’s hand may be placed on the face 110 of an arm rest
112 for measuring a patient’s blood pressure with the blood
pressure measurement system 102. The blood pressure mea-
surement controller 120 of the blood pressure measurement
system 102 may be coupled to a bladder of the finger cuff
104 in order to provide pneumatic pressure to the bladder for
use in blood pressure measurement. Blood pressure mea-
surement controller 120 may be coupled to the patient
monitoring device 130 through a power/data cable 132.
Also, in one embodiment, as previously described, in a
remote implementation, blood pressure measurement con-
troller 120 may be coupled to a remote pump 134 through
tube 136 to receive pneumatic pressure for the bladder of the
finger cuff 104. The patient monitoring device 130 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, powet/
data cable 132 may transmit data to and from patient
monitoring device 130 and also may provide power from the
patient monitoring device 130 to the blood pressure mea-
surement controller 120 and finger cuff 104.

[0018] As can be seen in FIG. 1, in one example, the finger
cuff 104 may be attached to a patient’s finger and the blood
pressure measurement controller 120 may be attached on the
patient’s hand or wrist with an attachment bracelet 121 that
wraps around the patient’s wrist or hand. The attachment
bracelet 121 may be metal, plastic, Velcro, etc. It should be
appreciated that this is just one example of attaching a blood
pressure measurement controller 120 and that any suitable
way of attaching a blood pressure measurement controller to
a patient’s body or in close proximity to a patient’s body
may be utilized and that, in some embodiments, a blood
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pressure measurement controller 120 may not be used at all.
It should further be appreciated that the finger cuff 104 may
be connected to a blood pressure measurement controller
described herein, or a pressure generating and regulating
system of any other kind, such as a conventional pressure
generating and regulating system that is located remotely
from the body of the patient (e.g., a pump 134 located
remotely from a patient). Any kind of pressure generating
and regulating system can be used, including but not limited
to the blood pressure measurement controller, and may be
described simply as a pressure generating and regulating
system that may be used with a finger cuff' 104 including an
LED-PD pair and a bladder to implement the volume
clamping method.

[0019] FIG. 2 is an example of a conventional finger cuff.
With reference to FIG. 2, a conventional finger cuff 300 may
be formed from a flexible material with a Velcro clamping
system. The finger cuff 300 may include a first side 350 and
a second side 352. In one embodiment, for attachment
purposes to a patient’s finger, the second side 352 on the
interior may include a first connecting portion (e.g., a Velcro
type portion) that connects with a second connecting portion
(e.g., a Velcro type portion) on the exterior of the first side
350 of the finger cuff 300. In another embodiment, the first
connecting portion may include removable or reusable adhe-
sive material that can be removably attached to the exterior
surface of the first side 350 of the finger cuff 300. It should
be appreciated that this is just one example of an attachment
mechanism and that any suitable type may be utilized (e.g,,
adhesive, tape, mechanical latching mechanisms, etc.). It
should be appreciated that any type of wrappable finger cuff,
fixed type of finger cuff, or any type of finger cuff may be
used, and this is just one example.

[0020] Further, finger cuff 300 may include a bladder 340
and an LED-PD pair 335a-6 mounted on the interior of the
finger cuff 300. In one embodiment, the bladder 340 may
include a pair of openings that surround the LED-PD pair
335a-b, respectively. The bladder 340 and LED-PD pair
335¢-b may be coupled to tube or cable 360 through a
connector, which may be attached to finger cuff 300, to
provide pneumatic pressure to the bladder 340, and to
provide power to and receive data from the LED-PD pair
335a-b. The LED-PD pair 3354-b may be used to perform
measurements of a pleth signal to aid in measuring the
patient’s blood pressure.

[0021] With additional reference to FIGS. 3A-3C, the
conventional finger cuff 300 may be wrapped around a
patient’s finger 310 that may include a finger bone 320 and
one or more finger arteries 330. In operation, light (or optical
signals) 337 generated by LED 335a may be transmitted or
emitted in multiple directions through the finger 310, in
which the finger arteries 330 are present. The PD 3355 may
detect some or all of the light 337 from the LED 335a. The
amount of light registered by the PD 33554 may be inversely
proportional to the artery diameters of the finger arteries 330
and indicative of the pressure of the finger arteries 330.
[0022] Forexample, in FIGS. 3A-3C, the bladder 340 may
be inflated to exert pressure on the finger arteries 330. If the
pressure is high enough, for example, it may compress the
finger arteries 330, thereby decreasing the diameter of the
finger arteries 330 and increasing the amount of light
registered by the PD 335b. Conversely, if the pressure is not
high enough, it may compress the finger arteries 330 to a
lesser extent (or may not compress at all), thereby increasing
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the diameter of the finger arteries 330 and decreasing the
amount of light registered by the PD 3355. The amount of
pressure necessary in the bladder 340 to compress the
arteries 330 is dependent on the blood pressure. Therefore,
by controlling the pressure of the inflatable bladder 340 such
that the diameter of the finger arteries 330 is kept constant,
the blood pressure of the patient may be computed and
monitored as the pressure in the inflatable bladder 340 is
directly linked to the blood pressure. As an example, as part
of the volume clamp method, the pneumatic pressure is
applied to the bladder 340 of the finger cuff based upon
measuring the pleth signal received from the LED-PD pair
335a and 3355 of the finger cuff (e.g., to keep the pleth
signal constant) so that the pressure applied to the bladder
340 and measured by a pressure sensor should be correlated
to the patient’s blood pressure.

[0023] With respect to the conventional finger cuff 300,
previously described, it is generally available in different
sizes (e.g., small, medium, large), and includes differently
sizes bladders 340 (depending on the size of the finger cuff
300). The distance between the LED 3354 and the PD 3355
(which may be referred to as “x”), therefore, may vary
depending on the size of the finger cuff and bladder to meet
the different finger sizes and finger physiology of the patient.
In applying the finger cuff 300 on a patient’s finger (e.g.,
finger 310), it is important for a healthcare provider to select
a suitable finger cuff size for the patient such that the
LED-PD pair 335a-b is properly and effectively positioned
on the patient’s finger in order to obtain an accurate optical
measurement. However, the various sized conventional fin-
ger cuffs 300 may not be suitable for the finger sizes and
physiology of many patients such that inadequate finger cuff
attachments by health care providers may occur. In such
circumstances, the LED-PD pair 335a-b may not be prop-
erly positioned on the patient’s finger, and therefore, the PD
335h may not adequately detect or register light signals from
the LED 335a (as shown in FIG. 3B), thereby producing a
low quality signal (e.g., a pleth signal) that may result in an
inaccurate blood pressure measurement.

[0024] Embodiments shown in FIGS. 4A-4D, which are
diagrams illustrating cross-sectional views of examples of a
finger cuff 400 according to embodiments of the invention,
may be utilized. Finger cuff 400 may mitigate or eliminate
many of the problems associated with the convention finger
cuff 300.

[0025] With reference to FIG. 4A, finger cuff 400 may be
wrapped around a patient’s finger 310 having finger bone
320 and finger arteries 330 (as previously described). Simi-
lar to the conventional finger cuff 300, finger cuff’ 400 may
include a first side and a second side, and may be formed of
flexible material with a Velcro clamping system or may be
a fixed finger cuff, as previously described. Further, as with
the conventional finger cuff 300, finger cuff 400 may utilize
any type of attachment mechanism (e.g., adhesive, tape,
mechanical latching mechanisms, etc.) and finger cuff 400
may be any type of wrappable finger cuff, fixed type of
finger cuff, or any type of finger cuff structure, as previously
described.

[0026] As shown in FIG. 4A, in one embodiment, finger
cuff 400 may include a bladder 440, an LED-PD pair
425a-b, and an LED-PD pair 4354-b, mounted on the
interior of the finger cuff 400. In one embodiment, bladder
440 may include openings that surround the LED-PD pair
425a-b and LED-PD pair 435a-b. The bladder 440, LED-PD
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pair 425a-b, and LED-PD pair 435a-b may be coupled to a
tube or cable through a connector, which may be attached to
finger cuff 400, to provide pneumatic pressure to the bladder
440, and to provide power to and receive data from the
LED-PD pair 4254-b and LED-PD pair 435a-b.

[0027] Operationally, LED 425a and LED 4354 may con-
currently, alternatively, or in pre-defined sequences, transmit
or emit light in different directions through finger arteries
330. In this scenario, the light from the LED 4254 and LED
435a may be detected and registered by one or both of PD
425b and PD 4355 (depending on the directions of the light)
to generate a pleth signal from each PD 42554 and PD 4356
to create a more accurate optimal quality pleth signal. For
example, each of the pleth signals generated may be aver-
aged, or another type of algorithm may be utilized, to
combine the pleth signals to generate an optimal quality
pleth signal. Therefore, the additional LED-PD pair (e.g.,
LED-PD pair 435a-b) is utilized for additional light signal
recognition and the increased number of light signals (e.g,,
pleth signals) transmitted through the finger arteries 330 and
received by the PDs may result in increased signal quality
and, in particular, may be utilized to generate an optimal
quality pleth signal. Accordingly, an optimal quality pleth
signal may be generated from the pleth signals received
from the LED-PD pair 425a-6 and LED-PD pair 435a-b.
[0028] As an example, as part of the volume clamp
method, the pneumatic pressure is applied to the bladder 440
of the finger cuff based upon measuring the pleth signals
received from the LED-PD pair 4254-6 and LED-PD pair
435a-b of the finger cuff (e.g., to keep the optimal quality
pleth signal constant) so that the pressure applied to the
bladder 440 and measured by a pressure sensor should be
correlated to the patient’s blood pressure.

[0029] In another embodiment, with reference to FIGS.
4B-4D, the finger cuff 400 may include the bladder 440,
LEDs 450, and PDs 455 mounted on the interior of the finger
cuff 400. In one embodiment, the bladder 440 may include
openings that surround the LEDs 450 and PDs 455. The
bladder 440, LEDs 450, and PDs 455 may be coupled to a
tube or cable through a connector, which may be attached to
finger cuff 400, to provide pneumatic pressure to the bladder
440, and to provide power to the LEDs 450 and receive data
from the PDs 455. The LEDs 450 and the PDs 455 may be
aligned with one another, respectively, to form multiple
LED-PD pairs. That is, each of the LEDs 450 may be
effectively positioned to align with a corresponding PD from
the PDs 455 to form the LED-PD pairs, which may be of an
array formation in some embodiments. It should be appre-
ciated that while three LED-PD pairs are shown in FIGS.
4B-4D, any suitable number of LED-PD pairs may be
utilized.

[0030] Itshould be appreciated that the operational aspects
of FIG. 4B-4D, are very similar to the operational aspects
previously described with reference to FIG. 4A. Operation-
ally, LEDs 450 may concurrently, alternatively, or in pre-
defined sequences, transmit or emit light in different direc-
tions through finger arteries 330. In this scenario, the light
from each of the LEDs 450 may be detected and registered
by one or all of the PDs 455 to generate a pleth signal from
each PD 455 to create a more accurate optimal quality pleth
signal. For example, each of the pleth signals generated may
be averaged, or another type of algorithm may be utilized, to
combine the pleth signals to generate an optimal quality
pleth signal. Therefore, all of the PDs 455 are utilized for
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additional light signal recognition and the increased number
of light signals (e.g., pleth signals) transmitted through the
finger arteries 330 by the LEDs 450 and received by the PDs
455 may result in increased signal quality and, in particular,
may be utilized to generate an optimal quality pleth signal.
Accordingly, an optimal quality pleth signal may be gener-
ated from the pleth signals received from all of the PDs 455.
[0031] As an example, as part of the volume clamp
method, the pneumatic pressure is applied to the bladder 440
of the finger cuff based upon measuring the pleth signals
received from the PDs 455 of the finger cuff (e.g., to keep
the optimal quality pleth signal constant) so that the pressure
applied to the bladder 440 and measured by a pressure
sensor should be correlated to the patient’s blood pressure.
[0032] It should be noted that in these previously
described embodiments, in which, multiple LED-PD pairs
are utilized for pleth signal detection, an optimal location
(both horizontally and vertically) for the finger cuff 400 on
the patient’s finger 310 in relation to the finger arteries 330
may be determined (e.g., by a health care provider) in order
to perform blood pressure measurement (as shown in FIG.
4D). In particular, the finger cuff 400 may be moved (e.g.,
by a healthcare provider) on the patient’s finger to find an
optimal quality pleth signal for measurement purposes to
achieve better measurement accuracy and improved blood
pressure measurement.

[0033] With the previously described embodiments, the
application of the finger cuff 400 to a patient’s finger by a
healthcare provider is less susceptible to application errors.
Further, the finger cuff 400, with the increased ability to find
an optimal quality pleth signal, allows for the finger cuff 400
to be single-sized or a one-size-fits-all finger cuff, such that
different finger cuff sizes (as previously discussed with
respect to finger cuff 300) do not need to be utilized and a
single sized finger cuff 400 may be utilized for most any size
finger. It should be appreciated that while LEDs and PDs are
illustrated in FIGS. 4A-4D, any similar technology or inter-
face may be utilized to determine the optimal quality signal
(as previously described).

[0034] FIG. 5 is a block diagram illustrating an example
environment 500 in which embodiments of the invention
may be practiced. As shown in FIG. 5, finger cuff 510 may
include an inflatable bladder 512, LEDs 550, and PDs 555.
The LEDs 550 and PDs 555 may be respectively aligned
with one another to form multiple LED-PD pairs. The
inflatable bladder 512 may be pneumatically connected to a
pressure generating and regulating system 520. The pressure
generating and regulating system 520 and control circuitry
530 may generate, measure, and regulate pneumatic pressure
that inflates or deflates the inflatable bladder 512, and may
further comprise such elements as a pump, a valve, a
pressure sensor, and/or other suitable elements, as previ-
ously described. In particular, pressure generating and regu-
lating system 520 in cooperation with control circuitry 530
may be configured to implement a volume clamp method
with the finger cuff' 510 by: applying pneumatic pressure to
the inflatable bladder 512 of the finger cuff 510 to replicate
the patient’s blood pressure based upon measuring pleth
signals received from the LED-PD pairs (i.e., LEDs 550 and
PDs 555) (e.g., to keep the pleth signal constant), and
measuring the patient’s blood pressure by monitoring the
pressure of the inflatable bladder 512 based upon input from
a pressure sensor, which should be the same or correlated to
the patient’s blood pressure, and may further command the
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display of the patient’s blood pressure on the patient moni-
toring device. As previously described, by utilizing multiple
aligned LED-PD pairs an optimal pleth signal may be
generated.

[0035] It should be appreciated that aspects of the inven-
tion previously described may be implemented in conjunc-
tion with the execution of instructions by processors, cir-
cuitry, controllers, control circuitry, etc. As an example,
control circuity may operate under the control of a program,
algorithm, routine, or the execution of instructions to
execute methods or processes in accordance with embodi-
ments of the invention previously described. For example,
such a program may be implemented in firmware or soft-
ware (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, instruc-
tions, software, firmware, functionality, etc., which may be
utilized to execute embodiments of the invention.

[0036] The various illustrative logical blocks, processors,
modules, and circuitry described in connection with the
embodiments disclosed herein may be implemented or per-
formed with a general purpose processor, a specialized
processor, circuitry, a microcontroller, a digital signal pro-
cessor (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 pro-
cessor may be a microprocessor or any conventional pro-
cessor, controller, microcontroller, circuitry, or state
machine. A processor may also be implemented as a com-
bination of computing devices, e.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.

[0037] 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/firm-
ware executed by a processor, or aity 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
the processor can read information from, and write infor-
mation to, the storage medium. In the alternative, the storage
medium may be integral to the processor.

[0038] The previous description of the disclosed embodi-
ments 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.
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What is claimed is:

1. A finger cuff attachable to a patient’s finger to be used
in measuring the patient’s blood pressure by a blood pres-
sure measurement system utilizing a volume clamp method,
the finger cuff comprising:

a bladder configured to exert pressure on the patient’s

finger; and
a plurality of light emitting diodes (LEDs) and a plurality
of photodiodes (PDs) that respectively align with one
another to form a plurality of LED-PD pairs, wherein,
when the finger cuff is placed around the patient’s
finger, the bladder and the plurality of LED-PD pairs
aid in measuring the patient’s blood pressure by the
blood pressure measurement system utilizing the vol-
ume clamp method.
2. The finger cuff of claim 1, wherein the plurality of
LED-PD pairs are positioned in an array formation.
3. The finger cuff of claim 2, wherein the LEDs concur-
rently emit light in one or more directions through the
patient’s finger, wherein the light is detected by at least one
of the PDs of the plurality of LED-PD pairs.
4. The finger cuff of claim 2, wherein the LEDs concur-
rently emit light in one or more directions through the
patient’s finger, wherein the light is detected by each of the
PDs of the plurality of LED-PD pairs.
5. The finger cuff of claim 4, wherein an optimal quality
pleth signal is generated based on pleth signals generated by
the LED-PD pairs.
6. The finger cuff of claim 5, wherein the generated
optimal quality pleth signal enables the finger cuff to be
utilized as a one-size-fits-all finger cuff for attachment to the
patient’s finger.
7. A method to measure a patient’s blood pressure by a
blood pressure measurement system utilizing a finger cuff
and a volume clamp method, the finger cuff comprising a
bladder, and a plurality of light emitting diodes (LEDs) and
a plurality of photodiodes (PDs) that respectively align with
one another to form a plurality of LED-PD pairs, the method
comprising:
placing the finger cuff around a patient’s finger such that
the bladder and the LED-PD pairs aid in measuring the
patient’s blood pressure by the blood pressure mea-
surement system utilizing the volume clamp method,;

emitting, by the LEDs, light in one or more directions
through the patient’s finger; and

detecting, by each of the PDs, the light from the LEDs of

the plurality of LED-PD pairs.
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8. The method of claim 7, further comprising:

generating, by each of the LED-PD pairs, a pleth signal
based on the detected light; and

generating an optimal quality pleth signal based on the
pleth signals generated by the LED-PD pairs.

9. The method of claim 7, wherein the plurality of

LED-PD pairs are positioned in an array formation.

10. The method of claim 9, wherein the determined
optimal quality signal enables the finger cuff to be utilized
as a one-size-fits-all finger cuff for attachment to the
patient’s finger.

11. A blood pressure measurement system utilizing a
volume clamp method, the blood pressure measurement
system comprising:

a finger cuff attachable to a patient’s finger to be used in
measuring the patient’s blood pressure by the blood
pressure measurement system utilizing the volume
clamp method, the finger cuff’ comprising:

a bladder configured to exert pressure on the patient’s
finger; and

a plurality of light emitting diodes (LEDs) and a
plurality of photodiodes (PDs) that respectively align
with one another to form a plurality of LED-PD
pairs, wherein, when the finger cuff is placed around
the patient’s finger, the bladder and the plurality of
LED-PD pairs aid in measuring the patient’s blood
pressure by the blood pressure measurement system.

12. The blood pressure measurement system of claim 11,
wherein the plurality of LED-PD pairs are positioned in an
array formation.

13. The blood pressure measurement system of claim 12,
wherein the LEDs concurrently emit light in one or more
directions through the patient’s finger, wherein the light is
detected by at least one of the PDs of the plurality of
LED-PD pairs.

14. The blood pressure measurement system of claim 12,
wherein the LEDs concurrently emit light in one or more
directions through the patient’s finger, wherein the light is
detected by each of the PDs of the plurality of LED-PD
pairs.

15. The blood pressure measurement system of claim 14,
wherein an optimal quality pleth signal is generated based
on pleth signals generated by the LED-PD pairs.

16. The blood pressure measurement system of claim 15,
wherein the generated optimal quality pleth signal enables
the finger cuff to be utilized as a one-size-fits-all finger cuff
for attachment to the patient’s finger.

L S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X
SNEREESE

BEGF)

FRATRAS MERERHTOENE

US20190082982A1 NI (»&E)B

US16/133539
EFELBLEDBRFNF

Il

EREEDRFNT

Ef

LI PEIYUAN
VAN DER SAR GEERTRUIDA LUCRETIA
GUELEN ILJA

LI, PEIYUAN
VAN DER SAR, GEERTRUIDA LUCRETIA
GUELEN, ILJA

A61B5/022 A61B5/0225 A61B5/00

2019-03-21

2018-09-17

patsnap

A61B5/02241 A61B5/02255 A61B5/6826 A61B5/02141 A61B5/02422 A61B5/0295 A61B5/14552

62/561072 2017-09-20 US

Espacenet USPTO

REARFT —HFEE , HUMZIBENFE , LEZIFAER

FRENMENERERVEBZENMNE, EESER  ZREERNE
ENFERNED. EELEBESMRXA-RE (LED ) MBS KB

, BN AR A S NLED-PDR . HIEEBSEE
ENFEREN , BRANZNED-PDNEHTEINENEREFAR
EBHAENERENME.,

WRE (PD)

PATIENT
MONITORING
DEVICE

PUMP



https://share-analytics.zhihuiya.com/view/86ba74a2-87c1-46c6-8145-999e92eed4d2
https://worldwide.espacenet.com/patent/search/family/065720993/publication/US2019082982A1?q=US2019082982A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190082982%22.PGNR.&OS=DN/20190082982&RS=DN/20190082982

