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METHODS AND APPARATUS FOR
DETERMINING CENTRAL VENOUS
PRESSURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Provisional Application No. 61/980,788 filed Apr. 17,
2014 which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to the field of non-
invasive pressure monitors for medical purposes; more
specifically, the present invention relates to a device for
automatic quantification of jugular venous pressure (JVP)
and estimation of central venous pressure (CVP).

INCORPORATION BY REFERENCE

[0003] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each such individual publication or
patent application were specifically and individually indi-
cated to be so incorporated by reference.

BACKGROUND OF THE INVENTION

[0004] The evaluation of jugular venous pressure (JVP)
has been an integral part of cardiovascular examination and
has important clinical diagnostic values. Jugular venous
pulse pressure is produced by the changes in blood flow and
pressure in central veins caused by the filling and contrac-
tions of the right atrium and right ventricle. JVP may be
estimated by doing a bedside examination, which may be
used for an estimation of central venous pressure (CVP).
The right internal jugular vein is generally used to obtain
IVP.

[0005] Based upon JVP and CVP measurements/estima-
tions, healthcare professionals may infer information regard-
ing hemodynamic events in the right atrium and/or diagnose
diseases and abnormalities related to the heart and/or lungs.
An increase in right ventricular pressure may translate to
elevated jugular venous pressure, such as the case in patients
with pulmonary stenosis, pulmonary hypertension, or right
ventricular failure secondary to right ventricular infarction.
The venous pressure may also be elevated when obstruction
to right ventricular inflow occurs, such as with tricuspid
stenosis or right atrial myxoma, when constrictive pericar-
dial disease impedes right ventricular inflow, and the like.
Elevated venous pressure may also result from a vena cava
obstruction, and/or an increased blood volume. Some
patients may have intermittently elevated venous pressure,
such as patients with obstructive pulmonary disease who
may have an elevated venous pressure only during expira-
tion of breath.

[0006] The conventional technique for measuring JVP and
related pressure involves examining a patient at the optimum
degree of trunk elevation and then observing the venous
pulsations using the naked eye. The venous pressure may be
determined using a ruler to measure the vertical distance
from the top of the pulsing venous column, to the level of the
sternal angle, plus vertical distance to the right atrium.
Because the venous pulse is generally very low amplitude
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and difficult to observe in some patients, this method may
only provide approximate values.

[0007] The healthcare professional may measure (usually
in centimeters) the vertical height of the fluid column of
blood from the right atrium of the heart into the internal
jugular (UI) vein by determining the highest level of the
meniscus of the 1T venous pulsations. At normal atmospheric
pressure, the vertical height of the fluid column (measured
in cm of water) from the right atrium may be converted to
millimeters of mercury (mmHg), the standard unit of mea-
surement for CVP. A ‘normal CVP’ measurement is about 5
mmHg (or 7 cm of water). As a patient is treated for an
illness, the CVP and JVP measurements for the patient may
return to normal levels.

[0008] However, the manual exam by the healthcare pro-
fessional to determine a CVP measurement requires the
healthcare professional to be present for such an evaluation.
‘Manual exam’ is defined herein as an exam where the
healthcare professional does not use any electronic device to
determine CVP. The CVP manual measurements are often
difficult to perform in obese patients or patients with val-
vular heart disease (such as tricuspid regurgitation), which
results in inaccurate JVP and CVP determinations.

[0009] A more accurate method of measuring or determin-
ing JVP and/or CVP is needed. It would also be beneficial to
have a device which performed automatic detection of
venous pulse and/or pressure angle of the patient for calcu-
lating vertical fluid height and ultimately JVP and CVP. In
addition, it would be beneficial to eliminate interference
caused by the pulsing of the nearby carotid artery to increase
accuracy of the device, and to clearly display the resulting
JVP and/or CVP to the user.

SUMMARY OF THE INVENTION

[0010] Described herein is a JVP monitoring system
which is configured to determine central venous pressure
based on jugular venous pressure. One embodiment of the
JVP monitoring system may include at least one signal
processor, at least one accelerometer, at least one memory
for storing computer instructions related to the processor(s)
and/or accelerometer(s), at least one display, and at least one
patch adapted to be held in place or otherwise secured to a
patient’s neck. The signal processor may be in communica-
tion with the accelerometer(s) to translate the output from
the accelerometer(s) to yield a signal and calculate the
central venous pressure.

[0011] Generally, an apparatus for monitoring venous
pressure may comprise one or more accelerometers each
mounted upon one or more corresponding tabs which are
positionable upon a skin of a patient and in proximity to an
underlying vessel, wherein each tab is in a fixed arrangement
with respect to one another and each tab is independently
movable relative to an adjacent tab, a platform in commu-
nication with the one or more accelerometers, and a proces-
sor in communication with each of the one or more accel-
erometers, wherein the processor is programmed to monitor
a position of a pulse height within the underlying vessel via
movement of skin with the one or more accelerometers and
determine a corresponding venous pressure.

[0012] In use, one method of determining venous pressure
may generally comprise positioning one or more acceler-
ometers mounted upon one or more corresponding tabs upon
the skin of the patient and in proximity to an underlying
vessel, sensing movement of the skin via the one or more
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accelerometers, wherein each tab is in a fixed arrangement
with respect to one another and each tab is independently
movable relative to an adjacent tab, determining a pulse
height corresponding to the movement sensed by the one or
more accelerometers via a processor in communication with
each of the one or more accelerometers, and calculating
venous pressure corresponding to the pulse height

[0013] In another embodiment, a non-invasive method for
determining at least one central venous pressure by moni-
toring at least one signal with at least one accelerometer
placed on a patient’s neck where the accelerometer(s) is in
communication with a processor. The signal(s) may corre-
late to pulse amplitude and/or angles of the patient at a
particular position. At least one central venous pressure may
be computed by processing the signal(s) received from the
accelerometer(s), and the central venous pressure may be
displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The novel features of the invention are set forth. A
better understanding of the features and advantages of the
present invention will be obtained by reference to the
following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are
utilized, and the accompanying drawings of which:

[0015] FIG.1 is a non-limiting simplified schematic of the
JVP monitoring system;

[0016] FIG. 2 is another non-limiting simplified schematic
of the JVP monitoring system;

[0017] FIG. 3 is a hardware block diagram of the JVP
monitoring system in a configuration that uses two separate
circuit boards;

[0018] FIG. 4 is a non-limiting hardware layout for the
JVP monitoring system in a configuration having only one
circuit board,

[0019] FIG. 5 is a non-limiting hardware layout for the
front of a first circuit board in a configuration of the JVP
monitoring system having at least two circuit boards:
[0020] FIG. 6 is a non-limiting hardware layout for the
back of the first circuit board in the configuration of the JVP
monitoring system having at least two circuit boards;
[0021] FIG. 7 is a non-limiting hardware layout for a
second board in a configuration of the JVP monitoring
system having at least two circuit boards;

[0022] FIG. 8 depicts a non-limiting JVP monitoring sys-
tem placed on the neck of a patient;

[0023] FIG. 9 is a non-limiting set of software instructions
for the JVP monitoring system;

[0024] FIG. 10 is a graphical analysis of the raw data
received from an accelerometer; and

[0025] FIG. 11 is a graphical analysis of the same dataset
from FIG. 10, where the data has been filtered.

[0026] FIG. 12 is a non-limiting embodiment of at least a
portion of the JVP monitoring system.

[0027] FIG. 13 is a non-limiting embodiment of at least a
portion of the JVP monitoring system.

[0028] FIG. 14 is a non-limiting embodiment of at least a
portion of the JVP monitoring system.

[0029] FIG. 15 is a non-limiting embodiment of at least a
portion of the JVP monitoring system.

[0030] FIG. 16 is a non-limiting embodiment of at least a
portion of the JVP monitoring system.
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DETAILED DESCRIPTION OF THE
INVENTION

[0031] Jugular venous pressure (JVP) can be determined
by monitoring the highest position of the pulse, or the pulse
height, in the internal jugular vein. Disclosed here are
multiple embodiments of a JVP monitoring system and
methods, at least part of which is placed on a patient’s neck
to monitor the pulse height in the jugular vein, and possibly
other parameters, such as patient angle, using sensors. The
JVP monitoring system may calculate and displays the JTVP
and/or CVP.

[0032] The internal jugular vein is notably different from
other veins or blood vessels in the periphery of the body in
that the internal jugular vein lacks valve-like structures.
Peripheral veins have valves to prevent backflow of blood
away from the heart and to encourage return of this venous
blood to the heart. The external jugular vein, also located in
the neck but anatomically lateral to the internal jugular vein,
also has valves. Valves may affect manual measurement
and/or observations of pulse height and cause inaccuracies
in determining venous pressure. Clinicians may not be able
to rely on pressure assessments from the external jugular
vein because such assessments may be less accurate than an
assessment or measurement from the internal jugular vein.
Because the internal jugular vein lacks valves, it presents a
more reliable pressure estimation from the right atrium and,
thus, a more accurate assessment of central venous pressure.
[0033] Central venous pressure is the pressure at the vena
cava close to the right atrium. The height, or length, of blood
filled inside a jugular vein directly reflects the central venous
pressure. A determination of the highest position along the
jugular vein where there exists a significant pressure wave
provides information to determine, measure, and/or calcu-
late central venous blood pressure. Thus, a method of
determining CVP includes determining the highest position
along the jugular vein and using the resulting waveform
and/or location of the waveform to calculate CVP. The
“highest position” is measured from the sternal angle, which
is the angle formed by the junction of the manubrium and the
body of the sternum in the form of a secondary cartilaginous
joint (symphysis). This is also called the manubriosternal
joint or Angle of Louis. Accelerometer(s) or other sensor(s)
may be used to determine the highest position, or pulse
height, along the jugular vein. In the instance of only one
accelerometer, or other sensor, the device may be manually
moved up or down the vein until a waveform is yielded. The
highest position may be determined by obtaining a wave-
form, then moving the portion of the JVP monitoring system
which contains the accelerometers up until no waveform is
obtained; the highest position is the point on the patient’s
blood vessel where the device still yields a waveform.
Alternatively, at least two accelerometers may be used to
prevent the need for manually moving the device.

[0034] The mean central venous pressure (P) may be
calculated as follows:

P=5+dsin 6

[0035] where d is the distance from the sternal angle to the
highest position that yields a waveform. The addition of 5 to
d represents the distance from the sternal angle to the right
atrium. The symbol, 0, is the inclined angle of the upper
body relative to the horizontal position.

[0036] By measuring the highest position, or pulse height,
the JVP monitoring system can use this information to
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calculate the central venous pressure of the patient and
display the result, and/or communicate the result in other
ways such as wirelessly etc.

[0037] The neck is a more desirable position for applying
for measuring the JVP than the forehead or other non-neck
positioning on the body. In one embodiment, the sensing
device of the JVP monitoring system may be placed on the
neck in a position so the device is substantially directly over
the internal jugular vein within the neck. A neck positioning
of the device allows direct measurements of the internal
jugular vein, which is a beneficial blood vessel for deter-
mining CVP/JVP. Moreover, the internal jugular vein is a
fairly straight blood vessel from the heart and into the neck
with minimal bending of the blood vessel, which means that
the CVP or JVP determined using measurements on the neck
may be more accurate than a CVP or JVP determined by a
non-neck placement. ‘Neck’ is defined herein as the region
between a patient’s collarbone and jawbone.

[0038] Note that although the usage of the number 5 in the
above equation is common practice, the number may be
based on other factors such as chest size, or other factors. In
the JVP monitoring system this number may be a set
number, or may be calculated using an algorithm and based
on other factors.

[0039] The JVP monitoring system allows for prompt
recognition and monitoring of JVP fluctuations, which may
be very useful for treatment of patients with conditions
having a correlation to a fluctuation in JVP and/or CVP, such
as but not limited to heart failure, hypervolemia, and the
like.

[0040] FIG. 1 is a simplified schematic of the JVP moni-
toring system, including sensing device 100 and user client
device 106. The sensing device 100 may have at least one
accelerometer 108 therein. The device 100 may include a
patch or platform 120 for placement on a patient at an
external site in the vicinity of a cardiac blood vessel. The
patch 120 may also include an interface between sensing
device 100 and a user client device 106. In a non-limiting
embodiment, the sensing device 100 may have an optional
light source 110 external or internal to the device 100;
however, the device 100) may sense and/or determine the
central venous pressure in the absence of the light source
110. The optional light source 110 may emit light in the
visible wavelength range, or any other suitable wavelength
range.

[0041] The light source 110 may be any suitable light
source, such as but not limited to a laser diode (e.g.
RLT7605G, 760 nm, 5 mW, sm, 9.0 mmh, or RLT8510MG,
850 nm, 10 mW, sm, 5.6 mm), a light emitting diode (LED),
and/or a broadband light source emitting a selected wave-
length. In an embodiment, the light source may be adapted
to emit light in two or more wavelengths, e.g. by association
with a frequency oscillator. The light source 110 may be
powered by its own power supply if the light source is
exterior to the device 100, such as but not limited to a 12V
DC power supply, batteries, solar power, and combinations
thereof. However, if the light source is incorporated into the
device 100, the light source may be powered by the same
power supply as the device 100. Light from the light source
110 may be directed to at least one external tissue site on the
patient that is within close proximity to a cardiac blood
vessel, such as the internal jugular vein, the external jugular
vein, and combinations thereof. In another non-limiting
embodiment, the light source 110 may be used as an
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indicator of a pulse. For example, the accelerometer(s) 108
may detect a pulse of blood in the blood vessel, and the light
source 100 may illuminate a pulse of light for the user which
represents the blood pulse. Said differently, the light source
100 may be a type of display in the absence of or in addition
to a traditional visual or audible display within the device
100.

[0042] The patch 120 may be made out of any material
suitable to support the electronic components housed
therein, such as the accelerometer(s) 108, optional light
source 110, optional display 112, optional processor 104,
optional memory 114, optional ECG sensor, etc. An example
of one such suitable material for the patch 120 is medical
rubber. The patch 120 may be held in position manually,
may be held in position by adhesives (one side of the patch
may be coated with an adhesive material, such as but not
limited to a hydro gel adhesive, tape, and the like) or may be
adapted to be held in place with straps that can be tied or
otherwise secured to the patient’s neck. Opposing ends of
the patch 120 may also include an adhesive material, such as
Velero to facilitate their attachment and to hold the patch
around the patient’s neck.

[0043] In a non-limiting embodiment, the patch 120 may
be reusable and/or recyclable. The patch 120 may have
disposable adhesive layers thereon to attach the patch 120 to
a first patient. After the exam of the first patient has
occurred, the first disposable adhesive layer may be
removed from the patch 120. A second disposable adhesive
layer may be used during an exam of a second patient and
so on. ‘First’ and ‘second’ are used herein to distinguish the
adhesive layers, patients, etc. from one another.

[0044] The accelerometer(s) 108 may translate received
venous pulse data and/or patient angle data. A non-limiting
example of a suitable accelerometer 108 for use in the
present device is model MMAS8451Q supplied by Freescale
Semiconductor. The accelerometer 108 may have computer
instructions for transmitting the accelerometer data to the
processor 104. The processor 104 may have computer
instructions for receiving data from the accelerometer and
computer instructions for forming a pulse peak viewable on
the display 112, which may be viewable as a CVP number
or a waveform or any other suitable format. The processor
104 may have additional computer instructions for subtract-
ing the portion of the waveform corresponding to a carotid
artery, or other interfering signals, such that the processor
104 only transmits the waveform or CVP number corre-
sponding to the internal jugular vein to the display 112. A
similar set of data may be collected from each accelerometer
108 for each pulse. The processor 104 may have computer
instructions for monitoring the amplitude of each pulse
measured by each accelerometer 108. The processor 104
may also have computer instructions for monitoring a
change in amplitude of each pulse between pulses and/or
between or among accelerometer(s) 108. The amplitude and
the decay in amplitude may be used to determine the height
of the jugular venous pulsation. For example, the processor
104 may determine the pulse height by the highest location
where the pulse magnitude is above a certain level. The
cutoff level may be preset or may be determined based on
the pulse amplitude in one or more locations along the neck.
Once the height of the jugular venous pulsation is deter-
mined, the accelerometers 108 may measure the angle of the
patient, transmit such data to the processor 104, and the
processor 104 may determine the central venous pressure.
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[0045] The processor 104 may be operable to receive the
signal provided by the accelerometet(s) 108 (e.g. the pulse
amplitude and/or patient angle) and translate the signal into
a display 112, such as a waveform. In one non-limiting
embodiment, at least one CVP may be determined/calcu-
lated; however, the device 100 may determine a plurality of
CVP measurements in real-time to monitor such data over a
period of time. Patient treatment may vary based on the CVP
measurements obtained from the device 100. ‘Real-time’ is
defined herein as data that may be updated at about the same
rate as received by the device 100; a non-limiting example
may be where CVP data has been received by the device 100
and is displayed in five minutes or less.

[0046] Thus, the processor 104 is operable to digitize the
output provided by the accelerometers) 108 into a recordable
output for presenting on a display (e.g. 112). In another
non-limiting embodiment, the processor 104 may be opet-
able to receive the signal provided by the accelerometer(s)
108 (e.g. the pulse amplitude and/or patient angle) and
translate the signal into a display 112, which is the final
calculated value of CVP for a particular patient. In a
non-limiting embodiment, the final calculated value of CVP
may be presented on a ‘two digit’ display 112, i.e. a display
only having two digits. However, the CYP may be presented
on any type of display in the absence of or in conjunction
with other values (oxygen saturation. ECG data, etc.) used
during an exam where CVP would be helpful. Another
non-limiting embodiment of the display 112 may be located
on or include a user device (e.g. smart phone or other
portable device). Thus, the processor 104 is operable to
digitize the output provided by the accelerometer(s) 108 into
a recordable output for presenting on a display (e.g. 112).

[0047] The user client device 106 may be, but is not
limited to, personal computers, personal digital assistants,
mobile phones, a smart phone, a tablet, or any other appa-
ratus capable of receiving data from the accelerometer(s)
108. More than one client device 106 may receive data from
the accelerometer(s). The user client device 106 may include
a display 112, an optional associated memory 114, and a
signal processor 104. The signal processor 104 may com-
municate with the accelerometer(s) 108 to translate the angle
data received by the accelerometer(s) 108 into a visual
display 112 to be viewed on the user client device 106.
Communicating with the user client device 106 may be
wireless or wired. In a non-limiting embodiment, the display
112, the memory 114, and signal processor 104 may be
incorporated into the sensing device 100, instead of being
external to the device 100, as depicted in FIG. 2. The user
client device 106 may include one or more user input
devices (not shown) such as, but not limited to, a QWERTY
keyboard, a keypad, a trackwheel, a stylus, a mouse, a
microphone. If the screen is touch sensitive, then the display
112 may also be used as the user input device. The display
112 may be or include, but is not limited to, an LCD screen
display and/or a speaker. The data may be visually or audibly
displayed. The display 112 functions in real-time to display
the selected blood vessel waveform.

[0048] The computer instructions for the processor 104,
accelerometer(s) 108, etc may be provided by an operating
system and/or software applications located in the memory
114. Further, it is recognized that the sensing device 100
and/or the user client device 106 may include a computer
readable storage medium (not shown) coupled to the pro-
cessor 104 for providing instructions to the processor 104.
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The computer readable medium may include hardware and/
or software, such as but not limited to, magnetic disks,
magnetic tape, optically readable medium such as CD/DVD
ROMS, and memory cards. In each case, the computer
readable medium may take the form of a small disk, floppy
diskette, cassette, hard disk drive, solid-state memory card
or RAM. Tt should be noted that the above listed examples
of computer readable media 212 (not shown) may be used
either alone, or in combination. The memory 114 and/or
computer readable medium may be used to store, for
example, the desired output for use in processing the data
from the accelerometer(s) 108.

[0049] Further, it is recognized that the user client device
106 may include executable applications that include soft-
ware code or machine-readable instructions for implement-
ing predetermined functions/operations including those of
an operating system. The processor 104 may be a configured
device and/or set of machine-readable instructions for per-
forming operations as described. As used herein, the pro-
cessor 104 may include any one or combination of, hard-
ware, firmware, and/or software. The processor 104 may act
upon information by manipulating, analyzing, modifying,
converting or transmitting information for use by an execut-
able procedure or a user client device. The processor 104
may use or comprise the capabilities of a controller or
microprocessor, for example. Accordingly, the functionality
of the processor 104 and/or the accelerometer 108 may be
implemented in hardware, software or a combination of
both. Accordingly, the use of a processor 104 as a device
and/or as a set of machine-readable instructions is hereafter
referred to generically as a processor/module for the sake of
simplicity.

[0050] In use, the patch 120 is generally placed on the
neck of the patient at a site near a selected blood vessel, for
example, the internal jugular vein. It is desirable for the
patient to be lying down at about a 30-degree incline from
the horizontal, but any angle may be used. The patient
maintains regular breathing during the process of measuring
the pulse of the blood vessel. Light from the optional light
source 110 may be reflected off the target site of the patient’s
neck to allow better visualization by the naked eye of a
healthcare professional. As previously mentioned, the light
source 110 may be used as an indicator of a pulse. For
example, the accelerometer(s) 108 may detect a pulse of
blood in the blood vessel, and the light source 110 may
illuminate a pulse of light for the user in the instance. Said
differently, the light source 110 may be a type of display in
the absence of or in addition to a traditional visual or audible
display within the device 100. The processor 104 translates
the data detected by the accelerometer(s) 108 into an output
signal (e.g. pulse amplitude and/or patient angle) that may
be digitized for expression as a waveform of the selected
blood vessel pulse.

[0051] The patch 120 may be a flexible material to allow
the patch 120 to conform to the contours of a patient’s neck.
The circuit board may have spaces and/or cutouts between
each accelerometer (FIG. 7), so that each accelerometer 108
is as isolated from another accelerometer 108 as possible to
precisely measure the venous pressure without interference
from another accelerometer. As a pulse of blood flows
through a blood vessel underneath the device 100, the
surface of the skin may slightly move, and this movement
may be detected by the accelerometer(s) 108. A pulse of
blood having increased pressure may result in more move-
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ment at the surface of the skin, and a corresponding larger
signal may be detected by the accelerometer(s) 108.
Inversely, a pulse of blood having lower pressure may result
in less movement at the surface of the skin, and a corre-
sponding smaller signal may be detected by the accelerom-
eter(s) 108.

[0052] As the pulse of blood moves away from the heart,
the pressure will decrease. For example, as a pulse of blood
moves through the internal jugular vein from the heart
towards the head, the blood may pass under each acceler-
ometer 108 (See FIG. 8). The accelerometers 108 may detect
the pulse of blood, and may detect movement at the surface
of the skin from the accelerometer closest to the heart
towards the accelerometer closest to the head. The move-
ment detected by the accelerometer closest to the heart is
greater than the movement detected by the accelerometer
closest to the head.

[0053] FIG. 2 is a non-limiting simplified schematic of the
JVP monitoring system where each component is located
within the sensing device 100, such as the processor 104, the
memory 114, the display 112, the optional light source 110,
and accelerometers 108. However, the sensing device 100
may still be wirelessly connected or wired to another user
client device.

[0054] FIG. 3 depicts a non-limiting hardware configura-
tion of the JVP monitoring system having two circuits. The
main circuit board 106 may have or include a processor 104,
adisplay 112, an optional ECG 102, and a power supply 130.
The hardware layout for the first, or main, circuit board is
also depicted in FIG. 5 and FIG. 6. An ECG sensor may be
integrated in the device, or an ECG sensor may be external
to the device. The ECG sensor 102 is optional for determi-
nation of the CVP. The ECG sensor 102 may aid the
determination of CVP by gating (or synchronizing) the ECG
(e.g., electrical activity of the heart) with the corresponding
Jugular venous pulsations. Said differently, the ECG may aid
a user in identifying the carotid artery versus the jugular
vein(s) from a particular waveform. For example, if the ECG
and accelerometer waveforms are in sync, the corresponding
peaks may be correctly identified as the jugular vein or
carotid artery. Also, the synchronous use of the ECG with
the accelerometer may allow for any noise or extraneous
data to be subtracted, such as extraneous data related to an
accidental movement by the patient. The ECG sensor 102
may include computer instructions for transmitting ECG
data to the processor 104. The processor 104 may have
computer instructions for receiving ECG data, further using
the ECG data to determine a CVP, and transmitting the ECG
data to the display 112.

[0055] The sensor circuit board 100 may have or include
an array of accelerometers 108 and an optional array of light
sources, such as LEDs 110.

[0056] FIG. 4 is a non-limiting hardware layout of a single
circuit board similar to FIG. 3, but where the main compo-
nents of the main circuit board and those of the sensor circuit
board are combined onto one circuit board.

[0057] FIGS. 3 and 4 depicts eight accelerometers 108
being used, however, more or fewer accelerometers may be
used for such purpose depending on the power supply, size
of the device, size of the patient, etc.

[0058] FIG.5isanon-limiting depiction of the front of the
main circuit board shown in FIG. 3, which may include the
processor 104, a two digit display 112, a first push button
520, a second push button 530, a power regulation circuit
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540, a power supply 130, a connector 550 for connection to
the sensor circuit board having the accelerometers, a pro-
gramming port 560, a communication interface 570, an
oscillator 580. The two-digit display may visually display
the final calculated CVP and/or depict device status mes-
sages or features. Such options may be or include, but are
not limited to, menus for a user to adjust brightness of the
display, turn on or off the device, to store data by the
pressing of a button, etc. In a non-limiting embodiment, the
display 112 may be used as a user interface to accommodate
such features.

[0059] The first and second push buttons (520, 530) may
turn the device on/off, select an option or display format, and
combinations thereof. The device may have a communica-
tion interface to send data to an external device, such as a
user client device. The communication interface may also
communicate with an external ECG, if desired. The power
supply 130 may be any form known to those skilled in the
art, such as but not limited to, a battery, a wall adapter, solar
power, and the like. The power regulation circuit 540 may
regulate and deliver power to the device 100. The program-
ming port 560 may be used to add or delete computer
instructions from the processor.

[0060] FIG. 6 is a non-limiting depiction of the back of the
first circuit board, which includes two electrodes 610a, 6105
to take an ECG measurement.

[0061] FIG. 7 is a non-limiting layout of the sensor circuit
board, shown in FIG. 3, which may include the accelerom-
eters (1-10) 108, the optional light source LEDs (11-20) 110,
a connector 750 for connection to the first circuit board, and
spaces or cutouts 752 in the second, or sensor, circuit board
between each accelerometer. The second, or sensor, circuit
board may be constructed using a flexible printed circuit
board to allow the device to conform to the patient’s neck,
and to allow the accelerometer to move with the venous
pulsation.

[0062] The array of optional LEDs may be used to visu-
alize the pulse of blood through the internal jugular vein.
The device 100 may illuminate an array of LEDs to corre-
spond with the pulse movement detected by the accelerom-
eters 108. When a pulse of blood travels under the array of
accelerometers, a movement is detected, and a pulse of light
may be illuminated from the light source 110. The LEDs
may have more intensity with increased movement detected
by the accelerometers, and the LEDs may have less intensity
with decreased movement detected by the accelerometers.
Said differently, the light source intensity directly correlates
to the pulse intensity detected by the accelerometer(s) 108.
The light source is not necessary for determination of the
CVP. The device 100 may perform a CVP measurement in
the absence of a light source.

[0063] FIG. 8 depicts a non-limiting placement of the JVP
monitoring system on the neck of a patient. The main circuit
board may be placed over the patient’s heart for measure-
ment by the ECG, and the sensor circuit board may be placed
over the internal jugular vein to determine an estimation of
a CVP. The ECG signal may be transmitted to the processor
104. The processor 104 may synchronize the ECG signal
with an accelerometer signal to allow for easier identifica-
tion of the carotid artery pulse and jugular venous pulse.
[0064] FIG. 9 is a non-limiting set of computer instruc-
tions used by the processor to determine the CVP. Box 902
represents receiving data from the one or more accelerom-
eter(s). The received data is then processed using the appro-
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priate signal processing filters to eliminate signal noise from
the carotid artery, movement, and other sources, represented
by box 904. Signal filtering may also or alternatively be
performed to measure the propagation of a signal along the
blood vessel. Box 908 represents the activation of the LEDs
with an intensity that is correlated to the signal of the
accelerometer. The LED may activate either before or after
the filtering process 904. The processor then determines the
angle of the head/neck, and calculates and displays the CVP.
These steps are represented by boxes 910 and 912. Data is
then optionally transmitted to an external device, repre-
sented by box 914. This process is repeated for as long as
CVP determinations are required.

[0065] FIG. 10 is a graphical analysis of the raw data
received from an accelerometer, and FIG. 11 is a graphical
analysis of the same dataset from FIG. 10, after the data has
been filtered and processed. Similar waveforms may be
received from each accelerometer. An example of raw data
received from an accelerometer for one pulse is shown in
FIG. 10. An example of the same set of data after filtering
is shown in FIG. 11. Although this data was collected over
one pulse, three distinct peaks can be seen. Multiple peaks
may be seen for each pulse because the carotid artery and the
internal jugular are anatomically very close to each other.
The first peak may correspond to the carotid pulse, and the
next two peaks may correspond to the internal jugular vein.
A combination of hardware and software filters may be used
to remove noise and isolate the movement of the neck, so
that only the jugular vein pressure and/or pulse may be
represented by a peak.

[0066] FIG. 12 is a non-limiting embodiment of at least a
portion of the JVP monitoring system. In this embodiment,
accelerometers 1202 are on individual tabs 1204. The tabs
are separated from circuit board 1210 and indicator lights
1208 via flexible necks 1206. It is important that each
accelerometer function independently, with minimal influ-
ence from the motion of the accelerometers near it. The
flexibility of flexible necks 1206 allow each accelerometer
to move independently of the accelerometers near it. In this
way, the data collected from each accelerometer is indicative
of skin movement in only that specific area. To achieve
accelerometer independence in this embodiment each accel-
erometer is on a separate tab, connected to the circuit board
via a flexible neck. The neck is flexible enough so that each
tab, and therefore each accelerometer, can move indepen-
dently of the other accelerometers. The tabs and flexible
necks may be made out of the same material, such as a thin
flexible polymer, or silicone or any other suitable material.
The tab may have adhesive on the underside where the neck
may not. Alternatively, both the tab and neck may have
adhesive. Any circuitry necessary for the accelerometer to
communicate with the circuit board may be embedded
and/or attached to the tab and neck. This communication
may alternatively be wireless. Neck length may be less than
1 c¢m. Alternatively, neck length may be 1-3 cm. Alterna-
tively, neck length may be greater than 3 cm.

[0067] FIG. 13 is a non-limiting embodiment of at least a
portion of the JVP monitoring system. In this embodiment,
wires 1302 are used to connect tabs 1304 to circuit board
1306. Wires 1302 function similarly to flexible necks 1206
in FIG. 12. Using wires instead of necks may allow tabs
1304 to be placed further from circuit board 1306. The wires
may serve both as communication with the circuit board and
also as a physical connector with the circuit board. FIG. 14
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shows an example of this embodiment where wires 1302 are
longer. Wire length may be less than 1 cm. Alternatively,
wire length may be 1-3 cm. Alternatively, wire length may
be 3-10 cm. Alteratively, wire length may be greater than
10 cm.

[0068] FIG. 15 is a non-limiting embodiment of at least a
portion of the JVP monitoring system. In this embodiment,
wires 1302 feed into a single communication wire or wire
bundle 1502. This embodiment allows the accelerometers to
be fairly far from the circuit board without multiple long
wire connectors which may tangle.

[0069] FIG. 16 is a non-limiting embodiment of at least a
portion of the JVP monitoring system. In this embodiment,
accelerometers 1602 and indicator lights 1604 are both
located on the tabs. This allows the lights to be clearly
visible on the neck of the patient which also allowing circuit
board 1605 to be reduced in size. Indicator lights 1604 are
not necessary in any of the embodiments described herein,
but are an added feature to aid the user.

[0070] Accurate placement of the tabs which include at
least the accelerometers is important to get an accurate
reading. The tabs, or the entire device, may have an adhesive
backing. The device may be packaged with a protective
layer which protects the adhesive, similar to the protective
layer of an adhesive bandage. The protective layer may be
thin and flexible so that part of it may be peeled back to
expose the adhesive backing of part of the tabs. This part of
the tabs may then be adhered to the neck of the patient while
the remainder of the protective later remains and holds the
tabs in place with respect to each other. Once part of the tabs
are adhered to the neck, the rest of the protective layer may
be removed and the tabs firmly adhered to the neck. In this
way, the tabs are easily adhered to the neck without losing
their alignment with respect to each other. They can also
operate independently of each other.

[0071] In the foregoing specification, the invention has
been described with reference to specific embodiments
thereof, and has been described as effective in providing
methods and devices for estimating central venous pressure.
However, it will be evident that various modifications and
changes can be made thereto without departing from the
broader spirit or scope of the invention as set forth in the
appended claims. Accordingly, the specification is to be
regarded in an illustrative rather than a restrictive sense.
[0072] The present invention may suitably comprise, con-
sist or consist essentially of the elements disclosed and may
be practiced in the absence of an element not disclosed. For
instance, the pressure device configured to estimate central
venous pressure may consist of or consist essentially at least
one signal processor, at least one accelerometer, at least one
memory for storing computer instructions related to the
processor(s) and/or accelerometer(s), at least one display,
and at least one patch adapted to be held in place or
otherwise secured to a patient’s neck; and the signal pro-
cessor may be in communication with the accelerometer(s)
to translate the output from the accelerometer(s) to yield a
signal and calculate the central venous pressure.

[0073] The method for determining at least one central
venous pressure may consist of or consist essentially of
monitoring at least one signal with at least one accelerom-
eter placed on a patient’s neck where the accelerometer(s) is
in communication with a processor, the signal(s) may cor-
relate to pulse amplitude and/or angles of the patient at a
particular position; and at least one central venous pressure



US 2019/0254542 Al

may be computed by processing the signal(s) received from
the accelerometer(s), and the central venous pressure may be
displayed. Pulse slope of the signal(s) may also be used.

[0074] Although accelerometers are mentioned in several
embodiments herein, other sensors may be used to detect
skin movement above and/or blood movement in a blood
vessel. For example, acoustic sensor(s), pressure sensor(s),
ultrasound sensor(s), passive light sensors, visible or other
wavelength light, microphone(s) may be used etc. Frequen-
cies of skin and/or blood movement measured may range
from 1-800 Hz or 800-20,000 Hz, or above 20,000 Hz.

[0075] In addition, although several embodiments herein
mention using the JVP using the internal jugular vein, other
blood vessels may be used.

[0076] In addition, similar technology may be used to
determine other physiological parameters. For example,
several embodiments described herein include removing the
waveform data relating to the carotid pulses. This carotid
data may be used to evaluate hemodynamic nuances specific
to certain cardiac pathology (such as aortic stenosis, aortic
regurgitation, hypertrophic cardiomyopathy, sub aortic
stenosis). For example, waveform amplitude, slope, fre-
quency, and other data may be used to evaluate the health of
the patient based on the carotid or other pulses.

[0077] As an illustration, aortic stenosis is usually char-
acterized by severe calcification and hardening of the aortic
valve leaflets, such that blood has a difficult time ejecting
from the left ventricle. This condition is usually first
detected by a physician auscultating a “murmur” over the
heart. However, a notable physical exam finding that is only
present in severe aortic stenosis is a finding that is detected
by skilled physicians known as “delayed carotid upstroke
signal”—the physician places fingers over one carotid artery
and can subjectively feel a delay in the carotid ejection. The
carotid arteries have a delayed “upstroke” because the blood
coming out of the left ventricle experiences a slight “pause”
as it waits for the calcified aortic valve leaflets to open.

[0078] However, in most cases when a physician is not
skilled enough to differentiate mild aortic stenosis from
severe aortic stenosis (both have a similar murmur on
physical exam), an expensive echocardiogram is performed
instead to help determine the severity. The ITVP monitoring
system could, if placed on the carotid artery, detect the
carotid artery upstroke signal and gate it to the ECG signal
to be able to tell the physician whether the carotid upstroke
is “delayed” in a very specific manner and one which can be
quantified as opposed to the subjective manner in which it is
done on the physical exam.

[0079] The analysis of the carotid signal may have value
in detecting severe aortic stenosis in places where echocar-
diograms are either not readily available or affordable. If a
physician hears a murmur that is suspicious for aortic
stenosis, the JVP monitoring system could detect if a thresh-
old time of “delayed carotid upstroke” is met, and if so, only
those patients receive the expensive echocardiogram. Oth-
erwise, they are relegated to another follow-up appointment
ayear or so later when the device can check for their carotid
delay again.

[0080] The carotid artery signal may also be useful in
detecting other cardiac conditions, such as hypertrophic
cardiomyopathy, sub-aortic stenosis, and heart failure. It is
also possible to quantify the “area under the curve” of the
carotid artery pulsation in various phases of the respiratory
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cycle in order to achieve a stroke-volume variation between
respirations so that a cardiac output estimate can be made.
[0081] In addition, similar technology can be used to
monitor heart function and/or fluid status through venous
pressure. The venous pressure can be accessed at the bra-
chiocephalic vein (or other vein on an extremity) and the
pressure can be measured at that location in a manner similar
to those disclosed herein. Using a single reading and/or
multiple readings, an increase or decrease in pressure can be
measured. This can be accomplished by adding a pressure
sensing element in line with the needle used to draw blood
during the clinic visit. Since blood is routinely drawn during
clinic visits, this would not require an additional puncture.
The device could also be a standalone device and could be
utilized in a home healthcare setting, clinic or hospital in an
intermittent or continuous manner. This type of device could
also be used for generally monitoring central venous pres-
sure (CVP) in a much less invasive manner.

[0082] The words “comprising” and “comprises” as used
throughout the claims, are to be interpreted to mean “includ-
ing but not limited to” and “includes but not limited to”,
respectively.

What is claimed is:

1. An apparatus for monitoring venous pressure, compris-
ing:

one or more accelerometers each mounted upon one or

more cotresponding tabs which are positionable upon a
skin of a patient and in proximity to an underlying
vessel, wherein each tab is in a fixed arrangement with
respect to one another and each tab is independently
movable relative to an adjacent tab;

a platform in communication with the one or more

accelerometers; and

a processor in communication with each of the one or

more accelerometers, wherein the processor is pro-
grammed to monitor a position of a pulse height within
the underlying vessel via movement of skin with the
one or more accelerometers and determine a corre-
sponding venous pressure.

2. The apparatus of claim 1 wherein the platform is
configured for placement upon the skin and is comprised of
a flexible material which conforms to contours of a neck of
the patient.

3. The apparatus of claim 1 wherein the tabs are config-
ured for placement upon the skin of a neck of the patient in
proximity to an internal jugular vein.

4. The apparatus of claim 1 wherein the platform com-
prises a circuit board and the one or more corresponding tabs
are isolated from one another via spaces or cutouts.

5. The apparatus of claim 1 wherein the one or more tabs
are attached to the platform via corresponding necks or
wires each having a flexibility which is sufficient to allow
each accelerometer to move independently relative to one
another.

6. The apparatus of claim 1 wherein the one or more
accelerometers comprise a plurality of accelerometers.

7. The apparatus of claim 6 wherein the plurality of
accelerometers are linearly aligned.

8. The apparatus of claim 1 further comprising an ECG
sensor in communication with the processor, wherein the
ECG sensor is configured to synchronize information from
the one or more accelerometers with corresponding electri-
cal activity of the heart.
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9. The apparatus of claim 1 further comprising one or
more light sources in proximity to the skin of the patient.

10. The apparatus of claim 1 wherein the processor is in
communication with a display for viewing the venous pres-
sure.

11. The apparatus of claim 1 wherein the processor is
further programmed to subtract a waveform corresponding
to an arterial pressure from the pulse height when determin-
ing the venous pressure.

12. The apparatus of claim 1 wherein the processor is
further programmed to monitor for a change in amplitude
between pulses and to determine a decay in amplitude in
determining the venous pressure.

13. The apparatus of claim 1 wherein the processor is
further programmed to determine a highest position along
the underlying vessel based on an angle measured from a
sternal angle and a body of the sternum via the one or more
accelerometers in determining the venous pressure.

14. The apparatus of claim 1 wherein the processor is
further programmed to determine a hemodynamic condition
of the patient relating to cardiac pathology.

15. The apparatus of claim 1 wherein the venous pressure
is a jugular venous pressure.

16. The apparatus of claim 1 wherein the venous pressure
is a central venous pressure.

17. A method of determining venous pressure, compris-
ing:

positioning one or more accelerometers mounted upon

one or more corresponding tabs upon a skin of a patient
and in proximity to an underlying vessel;
sensing movement of the skin via the one or more
accelerometers, wherein each tab is in a fixed arrange-
ment with respect to one another and each tab is
independently movable relative to an adjacent tab;

determining a pulse height corresponding to the move-
ment sensed by the one or more accelerometers via a
processor in communication with each of the one or
more accelerometers; and

calculating venous pressure corresponding to the pulse

height.

18. The method of claim 17 wherein positioning one or
more accelerometers further comprises positioning a plat-
form in communication with the one or more accelerometers
upon a neck of the patient in proximity to an internal jugular
vein.

19. The method of claim 17 wherein sensing movement
comprises isolating a movement of each tab from an adja-
cent tab.
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20. The method of claim 17 wherein sensing movement
comprises sensing movement of the skin via a plurality of
accelerometers aligned linearly relative to one another.

21. The method of claim 17 further comprising synchro-
nizing information from the one or more accelerometers
with corresponding electrical activity of the heart via an
ECG sensor in communication with the processor.

22. The method of claim 17 further comprising illumi-
nating the skin via one or more light sources in proximity to
the skin of the patient.

23. The method of claim 17 further comprising displaying
the venous pressure upon a display in communication with
the processor.

24. The method of claim 17 wherein determining a pulse
height further comprises subtracting a waveform corre-
sponding to an arterial pressure from the pulse height.

25. The method of claim 17 wherein determining a pulse
height further comprises monitoring for a change in ampli-
tude between pulses and determining a decay in amplitude
in determining the venous pressure.

26. The method of claim 17 wherein determining a pulse
height further comprises determining a highest position
along the underlying vessel based on an angle measured
from a sternal angle and a body of the sternum via the one
or more accelerometers.

27. The method of claim 17 further comprising determin-
ing a hemodynamic condition of the patient relating to
cardiac pathology.

28. The method of claim 17 wherein calculating venous
pressure comprises calculating a jugular venous pressure.

29. The method of claim 17 wherein calculating venous
pressure comprises calculating a central venous pressure.

30. The method of claim 17 further comprising re-posi-
tioning the one or more accelerometers to a second position
upon the skin until a waveform is no longer sensed.

31. The method of claim 17 wherein calculating venous
pressure comprises calculating a mean central venous pres-
sure via a formula:

P=5+dsin 6

where,

d=a distance from a sternal angle to a highest position that
yields a waveform,

0=an inclined angle of an upper body of the patient
relative to a horizontal position.

* ok % % ¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCHRF

L 5ER

S\ EREERE

BEGF)

AR T —FEAEENRSE  EEEXRE TAEERE OB
Eo JVPUMARGHW — DU EBREEL—MEELESS , EL—
MEEL , 22— MATE#ELESA/SMEETTE XN ITTENIE
SHEMES. EL—NERSE , URED—PMETREEELNESR
DEMAREEREER
FREREMEEITHN G EAFEESHITEROERKE.

patsnap
WEROBRIKEN A EZNEE

US20190254542A1 NI (»&E)B 2019-08-22

US16/400144 RiEH 2019-05-01

MFAERTAFESES

MFAERILAFEES

MFERITAFEES

WAGLE ROHAN
SUTARIA SAHEEL
TOTH AKOS

WAGLE, ROHAN
SUTARIA, SAHEEL
TOTH, AKOS

A61B5/021 A61B5/00 A61B5/02 A61B5/0402

A61B5/02141 A61B5/7285 A61B5/6833 A61B5/7207 A61B5/7278 A61B5/02028 A61B5/0402 A61B5
/6831 A61B5/742 A61B5/021 A61B5/6822 A61B5/1102 A61B2562/0219 A61B2562/043 A61B5/7292

15/303232 2016-10-11 US
PCT/US2015/026010 2015-04-15 WO
61/980788 2014-04-17 US

Espacenet USPTO

BEM . FEAEERTUSMERE ITERFA



https://share-analytics.zhihuiya.com/view/cd5546af-92cb-44a5-ab49-cb3956e1037b
https://worldwide.espacenet.com/patent/search/family/054324547/publication/US2019254542A1?q=US2019254542A1
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=%2220190254542%22.PGNR.&OS=DN/20190254542&RS=DN/20190254542

