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1
ULTRASONIC MONITORING DEVICE FOR
MEASURING PHYSIOLOGICAL
PARAMETERS OF A MAMMAL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/437,047 filed Jan. 28, 2011, which is
hereby incorporated in its entirety herein by reference.

FIELD OF THE DISCLOSURE

The disclosure relates to a non-invasive, ultrasonic moni-
toring device, wom by a mammal over an area of the mam-
mal’s body, which uses ultrasonic technology to evaluate
anatomical structures below the mammal’s skin in order to
determine a physiological status of the mammal.

BACKGROUND OF THE DISCLOSURE

Diagnostic ultrasound is a commonly used technique in
medicine and surgery that allows clinicians to see a two
dimensional view of a particular body area. This is often used
for viewing a fetus ina womb, a gallbladder, or heart valves or
chambers. The equipment needed to conduct these types of
scans is expensive, requires an experienced operator to per-
form the scan, and requires the patient to remain at the medi-
cal office or hospital during the scan. This technique provides
a one-time view of a body area and is not used over a signifi-
cant period of time for continuously monitoring the body area
of interest. In certain situations, it is desirable to continuously
or periodically monitor the anatomy of a specific body area of
a patient. Some examples of such situations, during which
continuous or periodic monitoring is desirable, include:
monitoring a diameter of a jugular vein to assess central
venous pressure CVP or jugular venous pressure JVP; moni-
toring a quantity of urine in a bladder; monitoring a quantity
of a pleural effusion; or monitoring a quantity of ascites in an
abdominal cavity. Many of the current diagnostic ultrasound
devices cannot practically monitor the body area on a con-
tinuous basis at low cost with minimal inconvenience to the
patient. Further, many of the current diagnostic ultrasound
devices cannot determine if the monitored area of interest is
the intended target area without conducting a scan at consid-
erable expense.

A non-scanning, non-invasive, continuous monitoring,
real-time ultrasonic device, and method for its use, is needed
to reduce or eliminate one or more problems encountered by
one or more of the existing ultrasonic scanning devices.

SUMMARY OF THE DISCLOSURE

In one embodiment, a central venous pressure ultrasonic
monitoring device comprises a substrate, a plurality of ultra-
sonic transducer elements, a computer readable memory
medium, a microprocessor, and a power source. The plurality
of ultrasonic transducer elements are coupled to the substrate.
Each ultrasonic transducer element is separately configured
to transmit a signal to a jugular vein of a mammal and to
receive an echo return signal from the jugular vein. The com-
puter readable memory medium comprises program instruc-
tions. The microprocessor is coupled to the plurality of ultra-
sonic transducer elements and to the computer readable
memory medium for executing the program instructions to
determine central venous pressure of the mammal based on a
combined analysis of the echo return signals received by the

10

20

25

40

45

60

65

2

plurality of ultrasonic transducer elements. The power source
is coupled to at least one of the plurality of ultrasonic trans-
ducer elements, the computer readable memory medium, or
the microprocessor for supplying electrical energy.

In another embodiment, a method of monitoring central
venous pressure of a mammal is provided. In one step, a
central venous pressure ultrasonic monitoring device is posi-
tioned against skin of a mammal. In another step, separate
signals are transmitted from a plurality of ultrasonic trans-
ducer elements of the central venous pressure ultrasonic
monitoring device to a jugular vein of the mammal. In an
additional step, echo return signals are received, with the
plurality of ultrasonic transducer elements, from the jugular
vein of the mammal. In yet another step, the central venous
pressure of the mammal is determined using a microproces-
sor to execute program instructions to process a combined
analysis of the echo return signals received by the plurality of
transducer elements.

In yet another embodiment, an ultrasonic monitoring
device comprises a substrate, a plurality of ultrasonic trans-
ducer elements, a computer readable memory medium, a
microprocessor, and a power source. The plurality of ultra-
sonic transducer elements are coupled to the substrate. Each
ultrasonic transducer element is separately configured to
transmit a signal to an area of a mammal and to receive an
echo return signal from the area. The computer readable
memory medium comprises program instructions. The
microprocessor is coupled to the plurality of ultrasonic trans-
ducer elements and to the computer readable memory
medium for executing the program instructions to determine
a physiological parameter of the area based on a combined
analysis of the echo return signals received by the plurality of
ultrasonic transducer elements. The microprocessor is also
configured to determine if the area is an intended target area
of the mammal, or to determine whether the ultrasonic moni-
toring device needs to be relocated to monitor the intended
target area of the mammal, based on the combined analysis of
the echo return signals received by the plurality of ultrasonic
transducer elements. The power source is coupled to at least
one of the plurality of ultrasonic transducer elements, the
computer readable memory medium, or the microprocessor
for supplying electrical energy.

In still another embodiment, a jugular venous pressure
ultrasonic monitoring device comprises a substrate, a plural-
ity of ultrasonic transducer elements, a computer readable
memory medium, a microprocessor, and a power source. The
plurality of ultrasonic transducer elements are coupled to the
substrate. Fach ultrasonic transducer element is separately
configured to transmit a signal to a jugular vein of'a mammal,
and to receive an echo return signal from the jugular vein. The
computer readable memory medium comprises program
instructions. The microprocessor is coupled to the plurality of
ultrasonic transducer elements and to the computer readable
memory medium for executing the program instructions to
determine jugular venous pressure of the mammal based on a
combined analysis of the echo return signals received by the
plurality of ultrasonic transducer elements. The power source
is coupled to at least one of the plurality of ultrasonic trans-
ducer elements, the computer readable memory medium, or
the microprocessor for supplying electrical energy.

These and other features, aspects and advantages of the
disclosure will become better understood with reference to
the following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a top perspective view of one embodi-
ment of an ultrasonic monitoring device;
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FIG. 2 illustrates a bottom perspective view of the ultra-
sonic monitoring device of FIG. 1;

FIG. 3 illustrates an exploded view of the ultrasonic moni-
toring device of FIGS. 1-2;

FIG. 4 illustrates an exemplary side view of the ultrasonic
monitoring device of FIGS. 1-3 positioned on skin of a mam-
mal to monitor an internal structure of the mammal,

FIG. 5 illustrates a front view of the ultrasonic monitoring
device of FIGS. 1-3 positioned against skin of a mammal’s
neck;

FIG. 6 illustrates the front view of FIG. 5§ with the skin of
the mammal’s neck removed,;

FIG. 7 illustrates an exemplary perspective view showing
an array of ultrasonic transducer elements of the ultrasonic
monitoring device of FIGS. 1-3, with the other components of
the ultrasonic monitoring device removed for illustrative pur-
poses, positioned over a jugular vein and a carotid artery of a
mammal’s neck;

FIG. 8 illustrates an exemplary top view of the ultrasonic
monitoring device of FIGS. 1-3 positioned at one longitudinal
location relative to a jugular vein;

FIG. 9 illustrates the exemplary top view of the ultrasonic
monitoring device of FIGS. 1-3 with the ultrasonic monitor-
ing device positioned at another longitudinal location relative
to the jugular vein;

FIG. 10 illustrates the exemplary top view of the ultrasonic
monitoring device of FIGS. 1-3 with the ultrasonic monitor-
ing device positioned at still another longitudinal location
relative to the jugular vein,;

FIG. 11 illustrates the exemplary top view of the ultrasonic
monitoring device of FIGS. 1-3 with the ultrasonic monitor-
ing device positioned at yet another longitudinal location
relative to the jugular vein;

FIG. 12 illustrates an exemplary bottom perspective view
of the ultrasonic monitoring device of FIGS. 1-3 positioned
over two different two-dimensional ultrasonic images of a
right jugular vein and a right carotid artery;

FIG. 13 illustrates a cross-section view through line 13-13
of the ultrasonic monitoring device of FIG. 12 positioned over
one of the two-dimensional ultrasonic images of the right
jugular vein and the right carotid artery;

FIG. 14 illustrates a cross-section view through line 14-14
of the ultrasonic monitoring device of FIG. 12 positioned over
the second two dimensional ultrasonic image of the right
jugular vein and the right carotid artery;

FIG. 15 illustrates three separate echo pulse graphs gener-
ated by three corresponding separate ultrasonic transducer
elements of the ultrasonic monitoring device of FIG. 13 posi-
tioned over the one ultrasonic image depicting a collapsed
right jugular vein and right carotid artery;

FIG. 16 illustrates three separate echo pulse graphs gener-
ated by three corresponding separate ultrasonic transducer
elements of the ultrasonic monitoring device of FIG. 14 posi-
tioned over the second ultrasonic image depicting an
expanded right jugular vein and right carotid artery;

FIG. 17 illustrates a pictorial diagram of a mammal dem-
onstrating how jugular venous pressure JVP and central
venous pressure CVP are determined using the ultrasonic
monitoring device of FIGS. 1-3;

FIG. 18 illustrates a cut-away cross-sectional diagram of a
heart of a mammal;

FIG. 19 illustrates a partial cut-away view showing an
exemplary embodiment in which the ultrasonic monitoring
device of FIGS. 1-3 has been placed onto a mammal posi-
tioned at a 90 degree angle (i.e. upright) from the supine
position;
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FIG. 20 illustrates a partial cut-away view showing an
exemplary embodiment in which the ultrasonic monitoring
device of FIGS. 1-3 has been placed onto another mammal
positioned at a 45 degree angle from the supine position; and

FIG. 21 illustrates a flowchart showing steps of one
embodiment of a method for ultrasonically monitoring an
internal structure of a mammal.

DETAILED DESCRIPTION OF THE
DISCLOSURE

The following detailed description is of the best currently
contemplated modes of carrying out the disclosure. The
description is not to be taken in a limiting sense, but is made
merely for the purpose of illustrating the general principles of
the disclosure, since the scope of the disclosure is best defined
by the appended claims. It is noted that FIGS. 1-21, refer-
enced herein, are purely for illustrative purposes and are not
to scale.

FIGS. 1, 2, and 3 illustrate respectively a top perspective
view, a bottom perspective view, and an exploded view of one
embodiment of an ultrasonic monitoring device 10. The ultra-
sonic monitoring device 10 is an electronic patch that may be
worn by a patient over various areas of the patient’s body in
order to use ultrasonic technology to evaluate anatomical
structures below the patient’s skin to determine the physi-
ological status of the patient. As shown in FIG. 3, the ultra-
sonic monitoring device 10 comprises a first housing surface
12, an electronic system 14, a substrate 16, a sensor system
18, a second housing surface 20, a display 21, and an adhe-
sive, conformable, gel layer 22.

The first housing surface 12 attaches to the substrate 16,
through screws or other attachment mechanisms, to house the
electronic system 14 within a first cavity (hidden from view)
of the first housing surface 12 between the first housing sur-
face 12 and the substrate 16. The first housing surface 12 is
rigid and made of a plastic or other type of rigid material. The
substrate 16 is made of a semi-rigid, flexible material such as
Polyvinyl Chloride (PVC), polycarbonate, a medical plastic,
or other type of semi-rigid flexible material. Optionally, an
aluminum plate face (not shown) may be placed against the
sensor system 18, using an epoxy, to come into contact with
an array 28, comprising a plurality of ultrasonic transducer
elements of the sensor system 18, and a patient’s skinin order
to decrease attenuation and increase transmission of the ultra-
sonic energy. The second housing surface 20 attaches to the
substrate 16, through screws or other attachment mecha-
nisms, to house the sensor system 18 within a second cavity
26 of the second housing surface 20. The second housing
surface 20 is made of a semi-rigid, flexible material such as a
plastic or other type of semi-rigid, flexible material. As shown
in FIG. 1, the substrate 16 includes a labeling indicator 27,
such as an arrow, which shows the direction, orientation, or
positioning in which the ultrasonic monitoring device 10
should be positioned during placement against a surface to be
monitored.

The sensor system 18 comprises the array 28 comprising
the plurality of ultrasonic transducer elements and a flexible
printed circuit board 30 which bridges connectivity between
the array 28 of ultrasonic transducer elements and the elec-
tronic system 14. The array 28 of ultrasonic transducer ele-
ments may comprise of Piezoelectric Crystal (PZT—Lead
Zirconate Titanate), or other types of ultrasonic transmitting
material. The sensor system 18 electronically connects to the
electronic system 14.

The array 28 is arranged so that its ultrasonic transducer
elements extend or connect through openings or channels 36
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in the second housing surface 20 into contact (direct or indi-
rect) with the adhesive, conformable gel layer 22. The array
28 has five rows and three columns of ultrasonic transducer
elements. In other embodiments, the array 28 may comprise
five to ten rows of ultrasonic transducer elements, and three to
five columns of ultrasonic transducer elements, for a range of
fifteen to fifty ultrasonic transducer elements. In further
embodiments, the array 28 may have a varying number of
rows and columns of ultrasonic transducer elements. Fach
ultrasonic transducer element of the array 28 has width,
length, and depth dimensions of 2 mm by 6 mm by 1 mm. In
other embodiments, the ultrasonic transducer elements of the
array may have width, length, and depth dimensions which
each range up to 20 mm. The ultrasonic transducer elements
of the array 28 are 6 mm to 7 mm apart in-between rows and
in-between columns. In other embodiments, the ultrasonic
transducer elements of the array 28 may be in a range between
5-20 mm apart in-between rows and in-between columns. In
still other embodiments, the size and spacing of the ultrasonic
transducer elements of the array 28 may vary.

The adhesive, conformable, gel layer 22 comprises a film
38 that adhesively adheres to both the second housing surface
20 and to a surface that the ultrasonic monitoring device 10 is
positioned within, for monitoring purposes, in order to mini-
mize movement ofthe ultrasonic monitoring device 10 during
use. The adhesive, conformable, gel layer 22 is flexible and
ultrasonically conductive, and may comprise a polymer, or
another type of adherent, flexible, ultrasonically conductive
material for flexibly and adherently conforming to a mam-
mal’s skin. An ultrasound gel 44 is positioned against the
adhesive, conformable, gel layer 22 for bridging a gap
between the array 28 of ultrasonic transducer elements and
the surface being monitored to allow ultrasound energy to
transfer from the array 28 of ultrasonic transducer elements to
the surface being monitored. The ultrasound gel 44 is made of
a compound comprising propylene glycol, carbol 940, phe-
noxyethanol, and sodium hydroxide. The ultrasound gel 44 is
hypoallergenic, greaseless, non-staining, without fragrance,
non-irritating, bacteriostatic, non-formaldehyde, non-corro-
sive, non-acidic, viscous, clear, colorless, and aqueous. The
ultrasound gel 44 efficiently transfers, with minimal attenu-
ation, the ultrasound energy between the array 28 of ultra-
sonic transducer elements and the surface to which the ultra-
sonic monitoring device 10 is mounted for a period of one to
five days. In other embodiments, the ultrasound gel 44 may be
made of varying materials, and the monitoring time period
upon which the ultrasound gel 44 allows may vary.

FIG. 4 illustrates an exemplary side view of the ultrasonic
monitoring device 10 positioned on skin 40 of a mammal 42
to monitor an internal structure 41 or area of the mammal 42
located beneath the skin 40. The internal structure 41 of the
mammal 42 may comprise a jugular vein, a carotid artery, a
bladder, a plural effusion, an abdominal cavity, a fetus, a
seroma, an edema, lower or upper appendages, or other type
of internal structure or area of the mammal 42. The adhesive,
conformable gel layer 22 is adhered between the second
housing surface 20 and the skin 40, while the ultrasound gel
44 is positioned within the adhesive, conformable gel layer 22
and against array 28 of ultrasonic transducer elements. The
ultrasound gel 44 is also positioned between the adhesive,
conformable gel layer 22 and the skin 40. Depending on the
application of use and the area or surface being monitored,
each ultrasonic transducer element of the array 28 is sepa-
rately configured to transmit a signal 56, towards the internal
structure 41 or area of the mammal 42, having a voltage
ranging between 10 to 200 Volts, a frequency ranging
between 3 to 50 MHz, and to receive a corresponding echo
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return signal 58, reflected off the internal structure 41, for a
time ranging between 1 to 1,000 microseconds. The signal 56
from each ultrasonic transducer element of the array 28 com-
prises a single beam of ultrasonic energy. The signals 56
transmitted by the ultrasonic transducer elements of the array
28 are intermittent and pulsed. In such manner, the ultrasonic
monitoring device 10 monitors the internal structure 41 using
a collection of single beams of ultrasonic energy without the
use of traditional ultrasonic scanning or imaging methods.

In another embodiment, each ultrasonic transducer ele-
ment of the array 28 may be separately configured to transmit
a signal 56, towards the internal structure 41 of the mammal
42, having a voltage ranging between 50 to 100 Volts, a
frequency ranging between 5 to 15 MHz, and to receive a
corresponding echo return signal 58, reflected off the internal
structure 41, for a time ranging between 1 to 500 microsec-
onds. A time of 200 microseconds corresponds to approxi-
mately 15 cm of depth, which will cover most applications of
use. In still another embodiment in which the ultrasonic
monitoring device 10 is used to monitor central venous pres-
sure CVP, each ultrasonic transducer element of the array 28
is separately configured to transmit a signal 56 having a
voltage of approximately 75 Volts, a frequency of approxi-
mately 10 MHz, and to receive a corresponding echo return
signal 58 for a time ranging between 1 to 50 microseconds.
This time range corresponds to a maximum tissue depth of
approximately 4 cm. For purposes of this disclosure, the term
‘approximately’ is defined as within 30%. In other embodi-
ments, the voltage, frequency, and time receipt range of the
ultrasonic transducer elements of the array 28 may vary.

As shown in FIG. 3, the electronic system 14 comprises the
following connected electronic components for operating the
ultrasonic monitoring device 10: a power source 46; an incli-
nometer 47; a microprocessor 48; amplifiers 50; a wireless
connectivity communication device 52; and a computer read-
able memory medium 54. The power source 46 comprises a
battery for powering the electronic system 14. The battery
may comprise a flat battery, a rechargeable battery, or another
type of battery. In other embodiments, the power source 46
may include any type of power source for powering any
number of the components of the electronic system 14.

The microprocessor 48 is connected to the computer read-
able memory medium 54 and contains or is in contact with a
clock 49 for time-stamping. The microprocessor 48 controls
the electronic system 14, and further controls, as shown in
FIG. 4, the voltage, frequency, and timing of the transmittal of
signals 56 transmitted from the array 28 of ultrasonic trans-
ducer elements towards the internal structure 41 of the mam-
mal42, and the corresponding echo return signals 58 reflected
off the internal structure 41 of the mammal 42. The amplifiers
50 change the amplitude of the echo return signals 58
received from the array 28 of ultrasonic transducer elements
as instructed by the microprocessor 48. The inclinometer 47
determines the inclination state of the mammal 42 relative to
(or from) a supine position. The term ‘supine position’ is
defined as a linear position of a mammal 42 lying down
horizontally with the mammal’s head facing up. The purpose
of the inclinometer 47 is to differentiate between the primary
positions of a mammal 42 including whether the mammal 42
is sitting upright at a 90 degree angle relative to the supine
position, lying in the supine position at a 0 degree angle to the
supine position, or resting at some angle between 0 and 90
degrees relative to the supine position. It is not necessary for
the inclinometer 47 to be precise, and a resolution/accuracy of
5 degrees is acceptable.

The microprocessor 48 executes program instructions,
comprising an algorithm, contained in the computer readable
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memory medium 54 to determine one or more physiological
parameters 62 of the internal structure 41 of the mammal 42
shown in FIG. 4. The microprocessor 48, in conjunction with
the computer readable memory medium 54, saves, analyzes,
and processes the data generated by the array 28 of ultrasonic
transducer elements. The microprocessor 48 uses pattern rec-
ognition to analyze and process the echo return signals 58
received by the array 28 of ultrasonic transducer elements.
Following the program instructions, the microprocessor 48
processes a combined analysis of the echo return signals 58
received by the array 28 of ultrasonic transducer elements in
conjunction with data received from the inclinometer 47 indi-
cating the inclination state of the mammal 42 from (or relative
to) a supine position. The ultrasonic monitoring device 10 is
configured to be multi-functional to allow monitoring of dif-
ferent areas of the mammal 42. The program instructions are
configured to follow different instructions depending on what
area, or physiological parameter 62, of the mammal 42 is
being monitored. In such manner, the ultrasonic monitoring
device 10 may monitor, using different instructions, any num-
ber of varying areas, physiological parameters 62, conditions,
or internal structures 41 of the mammal 42. The device 10 is
also able to use pattern recognition and the initial data gath-
ered to determine what particular area or internal structure 41
it is located near or monitoring. Thereby the device 10 is
adapted to automatically select the appropriate program
instructions for monitoring the particular area or physiologi-
cal parameter of interest.

The microprocessor 48 may determine any of the following
physiological parameters 62 of the internal structure 41 of the
mammal 42, or may determine any of the following relevant
information: relative sizes and diameters of an internal struc-
ture 41 being monitored, such as at various longitudinal
points along a jugular vein, a carotid artery, or another inter-
nal structure; a relative blood or fluid level at various locations
along or in the internal structure 41, such as along longitudi-
nal locations in a jugular vein, in a carotid artery, or in another
internal structure being examined; a central venous pressure
CVP 1in the internal structure 41; a jugular venous pressure
JVP in the internal structure 41; a urine quantity in a urinary
bladder; a pleural effusion quantity; an ascites quantity in an
abdominal cavity; a physiological status of a fetus; a seroma
quantity following a mastectomy or breast surgery; a seroma
quantity following cosmetic or plastic surgery; an edema
quantity in lower or upper appendages; a bladder volume
assessment to quantify kidney output; bladder distension due
to bladder output obstructions; detection of abnormally nar-
rowed or distended blood vessels; a determination as to
whether the internal structure 41 is the intended target area of
the mammal 42 based on relative locations of the ultrasonic
monitoring device 10 and the internal structure 41 to one or
more surfaces, structures, or areas within the mammal 42; a
determination as to whether the ultrasonic monitoring device
10 is located in the proper monitoring position to monitor the
internal structure 41 allowing the user to reposition the ultra-
sonic monitoring device 10 into the proper monitoring posi-
tion if necessary; or other types of physiological parameters
62 of the mammal 42, such the diameter, size, depth, posi-
tioning, density, or other information regarding any type of
internal structure 41.

For purposes of this disclosure, the term ‘mammal’ is
defined as air-breathing vertebrae animals, including
humans. The term ‘central venous pressure’ or CVP s defined
as a pressure of blood in a thoracic vena cava near the right
atrium of a heart. The term ‘jugular venous pressure’ or JVP
is defined as an indirectly observed pressure over the venous
system in the neck of the mammal 42. The determination of
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central venous pressure (CVP) or jugular venous pressure
(JVP) is helpful in determining whether a mammal 42 has
heart or lung disease or an abnormality involving the heart or
lungs. The term ‘urinary bladder’ is defined as an organ that
collects urine excreted by the kidneys before disposal by
urination. The term ‘pleural effusion’ is defined as excess
fluid that accumulates in the pleura, the fluid-filled space that
surrounds the lungs of a mammal 42. The term ‘ascites’ is
defined as an accumulation of fluid in the peritoneal or
abdominal cavity. The term ‘abdomen’ is defined as a part of
the mammal 42 between a thorax (chest) and a pelvis. The
term ‘abdominal cavity’ is defined as a region enclosed by the
abdomen. The term ‘physiological status’ is defined as the
condition or state of a body or structure. The term ‘fetus’ is
defined as a developing mammal or other viviparous verte-
brate after the embryonic stage and before birth. The term
‘seroma’ is defined as a pocket of serous fluid that may
develop in the body following surgery. The term ‘edema’ is
defined as an abnormal accumulation of fluid beneath the skin
or in one or more cavities of the body of a mammal 42.

As shown collectively in FIGS. 1-4, the microprocessor 48
stores the determined physiological parameters 62 of the
internal structure 41 of the mammal 42 in the computer read-
able memory medium 54, and either displays the determined
physiological parameters 62 on the display 21 located on the
first housing 12 of the ultrasonic monitoring device 10, or
wirelessly transmits the physiological parameters 62, using
the wireless connectivity communication device 52, to a
remote device 66 (shown in FIGS. 3 and 4) which displays the
transmitted physiological parameters 62 or communicates
them to other systems. The display 21 or remote device 66
may comprise an LED display, a Liquid Crystal Display, or
other type of display. The wireless connectivity communica-
tion device 52 may comprise an antenna, a transmitter/trans-
ceiver, or other type of wireless connectivity communication
device that uses any type of wireless connection such as a
wireless radio frequency connection, Bluetooth, Zigbee,
IEEE 802.11a/b/g, or any other type of wireless connection.

The remote device 66 may comprise a remote computer, a
hand-held device, or other type of display device such as a
docking station cradle, medical pump, vital signs monitor, or
doctor or nurse workstation. The display 21 or remote device
66 may visually (and optionally audibly) alert the wearer of
the ultrasonic monitoring device 10, another mammal such as
a caregiver, or an alert device if the determined physiological
parameters 62 are outside of a pre-determined normal range
in order to take precautionary, preventative, or surgical
responsive measures. The display 21 or remote device 66 may
display to the wearer or clinician the detected physiological
parameters 62 of the mammal, the normal range of the physi-
ological parameters 62, or an indication as to how far the
detected physiological parameters 62 are from the normal
range of physiological parameters 62. The display 21 or
remote device 66 stores historical physiological parameters
62 to be recalled and displayed anytime. The ultrasonic moni-
toring device 10 continuously monitors the mammal 42 in
real-time for a period ranging between one to five days in
order to continuously monitor the physiological parameter
62. In other embodiments, the monitoring time-range may
vary. After the monitoring time-range is completed, one or
more portions of the ultrasonic monitoring device 10 may be
disposed of and never used again. For instance, the entire
ultrasonic monitoring device 10 may be intended for one-time
use, or some portions of the ultrasonic monitoring device 10
may be used once, such as the adhesive, conformable, gel
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layer 22, and other portions of the ultrasonic monitoring
device 10 may be cleaned or disinfected in a conventional
manner and reused.

FIG. 5 illustrates a front view of the ultrasonic monitoring
device 10 of FIGS. 1-3 positioned against the skin 40 of a
mammal’s neck 70. FIG. 6 illustrates the front view of FIG. 5
with the skin 40 of the mammal’s neck 70 removed. As shown
in FIG. 6, the ultrasonic monitoring device 10 is positioned
over a jugular vein 72 to monitor the diameter 77 of the
jugular vein 72, the blood level in the jugular vein 72, the
jugular venous pressure JVP within the jugular vein 72, and
the central venous pressure CVP. Normally, blood does not
fully fill the jugular vein 72, but blood may fill the jugular vein
72 in various disease states such as during heart failure or
during other disease states.

FIG. 7 illustrates an exemplary perspective view showing
the array 28 of fifteen ultrasonic transducer elements of FIGS.
1-3, with the other components of the ultrasonic monitoring
device 10 of FIGS. 1-3 removed for illustrative purposes,
positioned over a jugular vein 72 and a carotid artery 74 of a
mammal’s neck. As shown, each ultrasonic transducer of the
array 28 of fifteen ultrasonic transducer elements transmits
separate signals 56 to the jugular vein 72 or the carotid artery
74. The array 28 of ultrasonic transducer elements receives
the corresponding echo return signals 58 reflected off the
jugular vein 72 or the carotid artery 74. Each ultrasonic trans-
ducer element of the array 28 is separately configured to
transmit a signal 56 having a voltage of 75 Volts, a frequency
of 10 MHz, and to receive a corresponding echo return signal
58 for a time ranging between 1 to 50 microseconds. This
amount of time corresponds to a maximum possible tissue
depth of about 4 cm. In other embodiments, the voltage,
frequency, and time receipt range of the array 28 of ultrasonic
transducer elements may vary in the ranges previously pro-
vided depending on the area being monitored.

Each ultrasonic transducer element of the array 28 trans-
duces a small, incomplete section of the jugular vein 72,
carotid artery 74, or non-vascular space. Individually, each
ultrasonic transducer element of the array 28 gathers incom-
plete information regarding the state of the jugular vein 72 or
carotid artery 74. However, collectively the array 28 of ultra-
sonic transducer elements gather complete information
regarding the corresponding echo return signals 58 for the
microprocessor 48 (shown in FIG. 3) to conduct a combined
analysis to determine the state of the jugular vein 72 and
carotid artery 74. The complete information which is gath-
ered by the array 28 of ultrasonic transducer elements
includes: the relative sizes and diameters at various longitu-
dinal points along the jugular vein 72 and carotid artery 74;
the relative blood or fluid levels at various longitudinal points
along the jugular vein 72 and carotid artery 74; the central
venous pressure CVP within the jugular vein 72; the jugular
venous pressure JVP within the jugular vein 72; relative posi-
tions of the jugular vein 72 and carotid artery 74; and the
position of the ultrasonic monitoring device 10 (shown in
FIGS. 1-3) relative to the positions of the jugular vein 72 and
carotid artery 74 to determine if the ultrasonic monitoring
device 10 is properly located for monitoring purposes. In
other embodiments, the complete information, which is gath-
ered, may include information regarding the presence, diam-
eter, size, depth, positioning, density, or other information
regarding any type of internal structure 41 (shown in FIG. 4)
being analyzed by the ultrasonic monitoring device 10.

FIG. 7 shows the array 28 of fifteen ultrasonic transducer
elements 82, 84, 86, 88, 90, 94, 96, 98, 100, 102, 104, 106,
108, 110, and 112. As shown in FIG. 7, ultrasonic transducer
element 82 receives data from the corresponding echo return
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signal 58 indicating that the diameter 77 of the jugular vein 72
is in a compressed or collapsed state at that location. Ultra-
sonic transducer elements 86, 88, and 90 receive data from
their corresponding echo return signals 58 indicating that the
diameter 77 of the jugular vein 72 is in an expanded state at
their locations. Ultrasonic transducer element 84 receives
data from its corresponding echo return signal indicating that
itislocated over a transition location 92 at which the diameter
77 of the jugular vein 72 changes from a compressed or
collapsed state to an expanded state. As discussed later, this
transition location 92 is needed in order for the microproces-
sor 48 (of FIG. 3) to be able to determine the jugular venous
pressure JVP and the central venous pressure CVP. The tran-
sition location 92 shows where fluid or blood is located within
the jugular vein 72 relative to the mammal’s heart, which
assists in determining the jugular venous pressure JVP and
the central venous pressure CVP. Ultrasonic transducer ele-
ments 82, 84, 86, 88. 90, 94, 96, 98, 100, 102, 104, 106, 108,
110, and 112 collectively receive data from their correspond-
ing echo return signals 58 indicating the relative positions of
the jugular vein 72 and the carotid artery 74.

FIGS. 8-11 illustrate exemplary top views of the ultrasonic
monitoring device 10 of FIGS. 1-3 positioned at various
longitudinal locations relative to the jugular vein 72. In FIG.
8, the ultrasonic monitoring device 10 is positioned with the
ultrasonic transducer elements 94, 96, 98, 100 and 102
located over a diameter 77 of the jugular vein 72 which is in
a collapsed state. In this position, the ultrasonic transducer
elements 94, 96, 98, 100 and 102 will each gather data indi-
cating that they are located over a diameter 77 of the jugular
vein 72 which is in a collapsed state. In this position, the
ultrasonic transducer elements 82, 84, 86, 88, 90, 104, 106,
108, 110, and 112 will not detect the jugular vein 72 at all.

With the ultrasonic monitoring device 10 positioned as
shown in FIG. 8, the transition location 92 at which the
diameter 77 of the jugular vein 72 changes from a collapsed
state to an expanded state will not be ascertainable. The data
returned from the corresponding echo return signals 58
(shown in FIG. 7) indicates to the microprocessor 48 (shown
in FIG. 3) that no transition location 92, at which the diameter
77 of the jugular vein 72 changes from a collapsed state to an
expanded state, is detected. In this situation, the microproces-
sor 48 (shown in FIG. 3) will determine that the jugular
venous pressure JVP and the central venous pressure CVP are
not detectable at this time and that no numerical calculation of
the jugular venous pressure JVP or the central venous pres-
sure CVP is possible. This indicates that the ultrasonic moni-
toring device 10 is positioned out of alignment with the tran-
sition location 92 and needs to be repositioned over the
transition location 92 in order to determine the jugular venous
pressure JVP and the central venous pressure CVP.

InFIG. 9, the ultrasonic monitoring device 10 is positioned
so that the ultrasonic transducer elements 94, 96, 98, and 100
are located over a diameter 77 of the jugular vein 72 which is
in a collapsed state. In this position, the ultrasonic transducer
elements 94, 96, 98, and 100 will each gather data indicating
that they are located over a diameter 77 of the jugular vein 72
which is in a collapsed state. Also, in this position, the ultra-
sonic transducer elements 82, 84, 86, 88, 104, 106, 108, and
110 are located so that they will not detect the jugular vein 72.

In this position, the ultrasonic transducer elements 90, 102,
and 112 are located over a diameter 77 of the jugular vein 72
which is in an expanded state, and will gather data indicating
this. The collective data gathered by ultrasonic transducer
elements 90, 100, 102, and 112 will indicate the location of a
transition location 92 at which the diameter 77 of the jugular
vein 72 changes from a collapsed state to an expanded state.
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With the ultrasonic monitoring device 10 positioned in this
location, the data returned from the corresponding echo
return signals 58 (shown in FIG. 7) indicates to the micropro-
cessor 48 (shown in FIG. 3) that the ultrasonic monitoring
device 10 (shown in FIGS. 1-3) is located in a position in
which the transition location 92 has been located allowing the
microprocessor 48 (shown in FIGS. 1-3) to determine a
numerical value for the jugular venous pressure JVP and the
central venous pressure CVP.

In FIG. 10, the ultrasonic monitoring device 10 is posi-
tioned so that the ultrasonic transducer element 94 is located
over a diameter 77 of the jugular vein 72 which is in a
collapsed state. In this position, the ultrasonic transducer
element 94 will gather data indicating that it is located over a
diameter 77 of the jugular vein 72 which is in a collapsed
state. Also, in this position, the ultrasonic transducer elements
82 and 104 are located so that they will not detect the jugular
vein 72 at all. Additionally, in this position, the ultrasonic
transducer elements 84, 86, 88,90, 96,98, 100, 102,106, 108,
110, and 112 are located over adiameter 77 of the jugular vein
72 which is in an expanded state, and will gather data indi-
cating this.

The collective data gathered by ultrasonic transducer ele-
ments 84, 94, 96, and 106 will indicate the location of a
transition location 92 at which the diameter 77 of the jugular
vein 72 changes from a collapsed state to an expanded state.
With the ultrasonic monitoring device 10 positioned in this
location, the data returned from the corresponding echo
return signals 58 (shown in FIG. 7) indicates to the micropro-
cessor 48 (shown in FIG. 3) that the ultrasonic monitoring
device 10 is located in a position where the transition location
92 has been located allowing the microprocessor 48 (shown
in FIG. 3) to determine a numerical value for the jugular
venous pressure JVP and the central venous pressure CVP.

In FIG. 11, the ultrasonic monitoring device 10 is posi-
tioned so that the ultrasonic transducer elements 82, 84, 86,
88,90, 94, 96, 98, 100, 102, 104, 106, 108, 110 and 112 are
located over a diameter 77 of the jugular vein 72 which is in
an expanded state. In this position, the ultrasonic transducer
elements 82, 84, 86, 88, 90, 94, 96, 98, 100, 102, 104, 106,
108, 110 and 112 will each gather data indicating that they are
located over a diameter 77 of the jugular vein 72, which is in
an expanded state. With the ultrasonic monitoring device 10
positioned in this location, the transition location 92 at which
the diameter 77 of the jugular vein 72 changes from a col-
lapsed state to an expanded state will not be ascertainable.

The data returned from the corresponding echo return sig-
nals 58 (shown in FIG. 7) indicates to the microprocessor 48
(shown in FIG. 3) that no transition location 92 (shown in
FIG. 7), at which the diameter 77 of the jugular vein 72
changes from a compressed or collapsed state to an expanded
state, has been detected. In this situation, the microprocessor
48 (shown in FIG. 3) will determine that the jugular venous
pressure JVP and the central venous pressure CVP are out of
range of a normal range and that a numerical calculation of
the jugular venous pressure JVP and the central venous pres-
sure CVP is not possible. This indicates either that: (1) the
ultrasonic monitoring device 10 is positioned in an incorrect
position relative to the jugular vein 72 and needs to be moved
in order to be positioned over the transition location 92
(shown in FIG. 7) at which the diameter 77 of the jugular vein
72 changes from a collapsed state to an expanded state so that
the microprocessor 48 (shown in FIG. 3) can determine the
Jugular venous pressure JVP and the central venous pressure
CVP; or (2) that the central venous pressure is abnormally
high and warrants medical intervention.

10

20

25

40

45

55

60

65

12

FIGS. 12, 13, and 14 collectively illustrate two dimen-
sional ultrasonic images 114 and 116 of a collapsed jugular
vein 72 (shown by ultrasonic image 114 of FIG. 13) and an
expanded jugular vein 72 (shown by ultrasonic image 116 of
FIG. 14) of the right neck of a mammal along a carotid artery
74 (FIGS. 13 and 14), and the correlation of the two dimen-
sional ultrasonic images 114 and 116 with the placement of
the ultrasonic monitoring device 10 over the right neck area of
the mammal. More particularly, FIG. 12 illustrates an exem-
plary bottom perspective view of the ultrasonic monitoring
device 10 of FIGS. 1-3 positioned over two different ultra-
sonic images 114 and 116 of a jugular vein 72 and a carotid
artery 74. FIG. 13 illustrates a cross-sectional view through
line 13-13 of the ultrasonic monitoring device 10 of FIG. 12
positioned over the first ultrasonic image 114 of the collapsed
jugular vein 72 and the carotid artery 74 showing the precise
lateral locations of the array 28 of fifteen ultrasonic trans-
ducer elements of the ultrasonic monitoring device 10 relative
to the collapsed jugular vein 72 and the carotid artery 74. Due
to the orientation of the view, only ultrasonic transducer ele-
ments 82, 94, and 104 of the first row of the array 28 are
viewable with ultrasonic transducer elements 84, 86, 88, 90,
96, 98,100, 102, 106, 108, 110, and 112 (shown in FIG. 7) of
the last four rows of the array 28 being oriented out of the
paper and hidden from sight. FIG. 14 illustrates a cross-
section view through line 14-14 of the ultrasonic monitoring
device 10 of FIG. 12 positioned over the second ultrasonic
image 116 of the expanded jugular vein 72 and the carotid
artery 74 showing the precise lateral locations of the array 28
of fifteen ultrasonic transducer elements of the ultrasonic
monitoring device 10 relative to the expanded jugular vein 72
and the carotid artery 74. Due to the orientation of the cross-
section view, only ultrasonic transducer elements 90, 102,
and 112 of the last row of the array 28 are viewable with
ultrasonic transducer elements 82, 84, 86, 88, 94, 96,98, 100,
104,106, 108, and 110 (shown in FIG. 7) of the last four rows
of the array 28 being oriented into the paper and hidden from
sight. Although the ultrasonic monitoring device 10 does not
produce ultrasonic images, FIGS. 13 and 14 are provided to
allow the reader, for this particular embodiment for illustra-
tive purposes only, to view the relative lateral positioning of
the array 28 of fifteen ultrasonic transducer elements of the
ultrasonic monitoring device 10 relative to the collapsed
jugular vein 72 (FIG. 13), expanded jugular vein 72 (F1G. 14),
and the carotid artery 74 (FIGS. 13 and 14).

FIG. 15 illustrates three separate echo pulse graphs 118,
120, and 122 generated by the three corresponding separate
ultrasonic transducer elements 82, 94, and 104 shown in FIG.
7 and FIG. 12, for the embodiment shown in FIG. 13 in which
the ultrasonic monitoring device 10 is positioned over the first
ultrasonic image 114 of the collapsed jugular vein 72 and the
carotid artery 74. Echo pulse graph 120 shows the position of
the collapsed jugular vein 72 relative to the location of a
proximal wall 123 of the carotid artery 74 and a distal wall
125 of the carotid artery 74.

FIG. 16 illustrates three separate echo pulse graphs 124,
126, and 128 generated by the three corresponding separate
ultrasonic transducer elements 90, 102, and 112 shown in
FIG. 7 and FIG. 12, for the embodiment shown in FIG. 14 in
which the ultrasonic monitoring device 10 is positioned over
the second ultrasonic image 116 of the expanded jugular vein
72 and the carotid artery 74. Echo pulse graph 128 shows the
position of the expanded jugular vein 72 relative to the loca-
tion of a proximal wall 129 of the carotid artery 74 and a distal
wall 132 of the carotid artery 74.

FIG. 17 illustrates a pictorial diagram of a mammal 42 to
help demonstrate how the jugular venous pressure JVP and
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the central venous pressure CVP are determined by the micro-
processor 48 of FIG. 3. FIG. 18 illustrates a cut-away cross-
sectional diagram of a heart 179 of the mammal 42. As pre-
viously discussed, the microprocessor 48 (shown in FIG. 3)
executes the program instructions to process the combined
analysis of the echo return signals 58 (shown in FIG. 7)
received by the array 28 of transducer elements (shown in
FIG. 7) using the ultrasonic monitoring device 10 of FIGS.
1-3. As shown in FIGS. 17 and 18 collectively, the mammal
42 has a heart 179, a right atrium 180, a sternal notch 182, a
neck 70 having a base 184, a jugular vein 72 having a transi-
tion location 92 with fluid in the jugular vein 72, and a carotid
artery 74.

The right atrium 180 is one of four chambers in the heart
179 of the mammal 42. The right atrium 180 receives deoxy-
genated blood and pumps it to other areas of the heart 179 of
the mammal 42. The term ‘sternal notch’ 182 is defined as a
v-shaped notch at a top of a sternum (breastbone) of the
mammal 42. The term ‘neck’ 70 is defined a part of the
mammal 42 that distinguishes the mammal’s head 71 from
the mammal’s torso 73. The term ‘base 184 of the neck 70’ is
defined as the point where the mammal’s torso 73 meets the
neck 70 of the mammal 42. The jugular vein 72 brings deoxy-
genated blood from the mammal’s head 71 back to the mam-
mal’s heart 179 via the superior vena cava 79. The carotid
artery 74 supplies the mammal’s head 71 and the mammal’s
neck 70 with oxygenated blood. The microprocessor 48
(shown in FIG. 3) follows program instructions which use the
following algorithm for determining jugular venous pressure
JVP=sin 0*(b+c+d). The microprocessor 48 (shown in FIG.
3) further follows program instructions which use the follow-
ing algorithm for determining central venous pressure
CVP=sin 0*(a+b+c+d). In other embodiments, the micropro-
cessor 48 may follow program instructions which use varying
algorithms to determine jugular venous pressure JVP, central
venous pressure CVP, or other physiological parameters.

For purposes of the algorithms, “6” is the inclination angle
of the mammal 42 from a supine position. The variable “6” is
determined by the inclinometer 47 shown in FIG. 3. The
variable “a” is the linear distance from a most superior portion
of the right atrium 180 of the mammal 42 to the sternal notch
182 ofthe mammal 42. The ‘most superior portion of the right
atrium 180’ of the mammal 42 is defined as the point where
the superior vena cava 79 enters the right atrium 180. The
variable “a” is approximated and is based on the mammal’s
height, which may be approximated based on the mammal’s
weight. Forinstance, “a” is typically approximated to be 4 cm
for a 100 pound mammal, 5 em for a 180 pound mammal, and
6 cm for a 250 pound mammal, assuming the mammal’s
height to correspond to the mammal’s weight. The variable
“a” is inputted into the microprocessor 48 (shown in FIG. 3).
The variable “b” is the linear distance from the sternal notch
182 of the mammal 42 to the base 184 of the neck 70 of the
mammal 42. The variable “b” is determined during a medical
examination of the mammal 42 and is inputted into the micro-
processor 48 (shown in FIG. 3). In a healthy mammal, the
normal distance of the sum of “a” and “b” is 6 cm. The
variable “c” is the linear distance from the base 184 of the
neck 70 of the mammal 42 to a surface 186 of the ultrasonic
monitoring device 10 which is closest to the base 184 of the
neck 70 of the mammal 42 as the ultrasonic monitoring device
10 is placed against the skin 40 of the mammal 42 and trans-
mitting the separate signals 56 (as shown in FIGS. 5 and 7).
The variable “c” is determined when the ultrasonic monitor-
ing device 10 is positioned against the mammal 42 and is
inputted into the microprocessor 48 (shown in FIG. 3). The
variable “d” is the linear distance from the surface 186 of the
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ultrasonic monitoring device 10, which is closest to the base
184 of the neck 70 of the mammal 42 when the ultrasonic
monitoring device 10 is placed against the skin 40 of the
mammal 42 and transmitting the separate signals 56 (shown
in FIG. 7), to the transition location 92 at which the jugular
vein 72 of the mammal 42 changes from a collapsed state to
an expanded state. The variable “d” is determined as a result
of the position of the ultrasonic monitoring device 10 being
inputted into the microprocessor 48 (shown in FIG. 3), or
being determined by the microprocessor 48, in conjunction
with the transition location 92 being determined by the ultra-
sonic monitoring device 10. In other embodiments, any num-
ber of the variables, including the information upon which the
variables are based, may be automatically determined by the
ultrasonic monitoring device 10.

FIGS. 19 and 20 are purely for illustrative purposes to show
how the algorithm discussed above with respect to FIG. 17 is
applied, and the values of their denoted variables are not to
scale with their illustrations. FIG. 19 illustrates a partial cut-
away view showing an exemplary embodiment in which the
ultrasonic monitoring device 10 has been placed onto a mam-
mal 42 positioned at a 90-degree angle from the supine posi-
tion (i.e. upright such as sitting or standing straight up at a 90
degree angle from the horizontal). As shown, the ultrasonic
monitoring device 10 has been properly located over the
transition location 92 at which the jugular vein 72 changes
from a collapsed state to an expanded state. For this exem-
plary embodiment, for purposes of illustrating use of the
algorithm discussed in FIG. 17, assume that the variables
were determined to be as follows: 8=90 degrees; a=5 cm; b=1
cm; c=1 cm; and d=2 cm. The microprocessor 58 uses data
generated by the ultrasonic monitoring device 10 in the algo-
rithm discussed in FIG. 17 to determine that the jugular
venous pressure JVP=sin 8%(b+c+d)=sin 90 degrees*(1+1+
2)=1*(4)=4 cmH,0, and to determine that the central venous
pressure CVP=sin 8%(a+b+c+d)=sin 90 degrees*(5+1+1+
2)=1*(9)=9 cmH,0. A normal central venous pressure CVP
for a healthy adult is known to be in a range of between 2 to
9 cmH,0. As aresult, use of the ultrasonic monitoring device
10 demonstrates that in this exemplary embodiment, the
mammal 42 has a central venous pressure CVP that falls
within the normal range.

FIG. 20 illustrates a partial cut-away view showing an
exemplary embodiment in which the ultrasonic monitoring
device 10 has been placed onto the same mammal 42 as in
FIG. 19, having the same central venous pressure CVP, posi-
tioned at a 45 degree angle from the supine position (i.e.
sitting at a 45 degree angle relative to the horizontal). As
shown, the ultrasonic monitoring device 10 has been properly
located over the transition location 92 at which the jugular
vein 72 changes from a collapsed state to an expanded state.
For this exemplary embodiment, for purposes of illustrating
use of the algorithm discussed in FIG. 17, assume that the
variables were determined to be as follows: 0=45 degrees;
a=5cm; b=1 cm; c=1 ¢m; and d=5.73 cm. The microproces-
sor 58 of FIG. 3 uses data generated by the ultrasonic moni-
toring device 10 in the algorithm discussed in FIG. 17 to
determine that the jugular venous pressure JVP=sin 0*(b+c+
d)=sin 45 degrees*(1+1+5.73)=0.707*(7.73)=5.47 ¢cmH,0,
and to determine that the central venous pressure CVP=
sin 0*(a+b+c+d)=sin 45 degrees*(5+1+1+5.73)=0.707*
(12.73)=9.00 cnH,O. This illustrates that the algorithm gen-
erates the same central venous pressure CVP for the mammal
42, when the ultrasonic monitoring device 10 is properly
placed and can locate a transition location 92, regardless of
whether the mammal 42 is in the full upright position of FIG.
19 or in the reclined position of FIG. 20.
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In the event that the ultrasonic monitoring device 10 of
FIGS. 1-3 is unable to locate a transition location 92 using its
array 28 of transducer elements in a mammal 42 having an
abnormally high central venous pressure CVP, the algorithm
will detect that the jugular vein 72 is fully expanded along the
entire length of the ultrasonic monitoring device 10. This
could occur with the mammal 42 in a fully upright position or
in a reclined position at any degree from the full upright
position. In the case of the mammal 42 being relatively
upright (i.e. reclining 0 to 30 degrees from the upright posi-
tion), and the ultrasonic monitoring device 10 detecting a
fully expanded jugular vein 72 along the entire length of the
ultrasonic monitoring device 10, the ultrasonic monitoring
device 10 will periodically report a “CVP over-range” con-
dition. In the case of the mammal 42 being in a reclined
position (i.e. reclining more than 30 degrees from the upright
position), and the ultrasonic monitoring device 10 detecting a
fully expanded jugular vein 72 along the entire length of the
ultrasonic monitoring device 10, the ultrasonic monitoring
device 10 will periodically report a “CVP Over-range/Last
Upright CVP=X", with X being the last known central venous
pressure CVP, providing that the ultrasonic monitoring
device 10 previously detected either: (1) a central venous
pressure CVP measurement from a detectable transition loca-
tion 92; or (2) a “CVP under range” condition in which the
ultrasonic monitoring device 10 measured a collapsed jugular
vein 92 along the entire length of the ultrasonic monitoring
device 10. A typical example of a “CVP Over-range” condi-
tion is when the mammal 42 is sleeping in a fully supine
position. In this situation, the ultrasonic monitoring device 10
cannot measure a central venous pressure CVP because the
jugular vein 92 is in an expanded state along the entire length
of the ultrasonic monitoring device 10.

In the event that the ultrasonic monitoring device 10 of
FIGS. 1-3 is unable to locate a transition location 92 using its
array 28 of transducer elements in a mammal 42 having a low
central venous pressure CVP, the ultrasonic monitoring
device 10 will periodically report a “CVP under range” con-
dition. This could occur in a mammal 42 who has recovered
from a fluid overload state, in an euvolemic mammal 42, or in
a dehydrated mammal 42.

FIG. 21 illustrates a flowchart showing steps of one
embodiment of a method 200 for continuously and non-inva-
sively ultrasonically monitoring an internal structure 41 of a
mammal 42 over a period of time in order to determine a
physiological parameter 62 of the internal structure 41 with-
out using any mechanical or electrical scanning techniques,
such as those used in traditional diagnostic ultrasonic imag-
ing, to acquire information about the internal structure 41.
The method 200 may be followed to monitor any of the
following physiological parameters 62 or to determine any of
the following information: monitor relative sizes and diam-
eters at various longitudinal points along an internal structure
41, such as a jugular vein 72 or other type of internal structure
41; monitor the relative blood or fluid level at various longi-
tudinal points in the internal structure 41; monitor a central
venous pressure CVP; monitor a jugular venous pressure
JVP; monitor a urine quantity in a urinary bladder; monitor a
pleural effusion quantity; monitor an ascites quantity in an
abdominal cavity; monitor a physiological status of a fetus;
monitor a seroma following a mastectomy or breast surgery;
monitor a seroma following cosmetic or plastic surgery;
monitor edema of lower or upper appendages; monitor a
bladder volume assessment to quantify kidney output; moni-
tor a bladder distension due to bladder output obstructions;
monitor or detect abnormally narrowed or distended blood
vessels; monitor other types of physiological parameters 62

20

25

35

40

45

50

60

65

16

of the mammal 42; make a determination as to whether the
internal structure 41 is an intended target area of the mammal
42 based on relative locations of the ultrasonic monitoring
device 10 and the internal structure 41 to one or more sur-
faces, structures, or areas within the mammal 42; determine
whether the ultrasonic monitoring device 10 is located in the
proper monitoring position for monitoring the internal struc-
ture 41 allowing the user to reposition the ultrasonic moni-
toring device 10 into the proper monitoring position if
needed; or determine other types of physiological parameters
62 of the mammal 42, such as the presence, diameter, size,
depth, positioning, density, or other information regarding
any type of internal structure 41.

In step 202, an ultrasonic monitoring device 10 is placed
against the skin 40 of the mammal 42. In step 204, separate
signals 56 are transmitted from the array 28 of ultrasonic
transducer elements of the ultrasonic monitoring device 10 to
an internal structure 41 of the mammal 42. Depending on the
application of use and the area or surface being monitored,
each ultrasonic transducer element of the array 28 may be
separately configured to transmit a signal 56, towards the
internal structure 41 or area of the mammal 42, having a
voltage ranging between 10 to 200 Volts, a frequency ranging
between 3 to 50 MHz, and to receive a corresponding echo
return signal 58, reflected off the internal structure 41, for a
time ranging between 1 to 1,000 microseconds. In another
embodiment, each ultrasonic transducer element of the array
28 may be separately configured to transmit a signal 56,
towards the internal structure 41 of the mammal 42, having a
voltage ranging between 50 to 100 Volts, a frequency ranging
between 5 to 15 MHz, and to receive a corresponding echo
return signal 58, reflected off the internal structure 41, for a
time ranging between 1 to 500 microseconds. In still another
embodiment in which the ultrasonic monitoring device 10 is
used to monitor central venous pressure CVP, each ultrasonic
transducer element of the array 28 is separately configured to
transmit a signal 56 having a voltage of approximately 75
Volts, a frequency of approximately 10 MHz, and to receive a
corresponding echo return signal 58 for a time ranging
between 1 to 50 microseconds. This amount of time corre-
sponds to a maximum possible tissue depth of about 4 cm.

In other embodiments, the voltage, frequency, and time
receipt range of the ultrasonic transducer elements of the
array 28 may vary in the ranges previously provided depend-
ing on the area being monitored. The time range used deter-
mines the maximum possible tissue depth that the ultrasonic
monitoring device 10 monitors. The internal structure 41 of
the mammal 42 being monitored may comprise a jugular
vein, a carotid artery, a bladder, a plural effusion, an abdomi-
nal cavity, a fetus, a seroma, edema of the lower or upper
appendages, or other type of internal structure or area of the
mammal 42.

In step 206, echo return signals 58 are received, with the
array 28 of ultrasonic transducer elements, from the internal
structure 41 of the mammal 42. Only one of the ultrasonic
transducer elements of the array 28 is energized at a time and
its corresponding echo return signal 58 is acquisitioned and
stored before a successive ultrasonic transducer element of
the array 28 is energized. Steps 204 and 206 are repeated until
all of the ultrasonic transducer elements of the array 28 have
received their separate corresponding echo return signals 58.
In step 208, a microprocessor 48 saves, analyzes, and pro-
cesses the data generated by the plurality of ultrasonic trans-
ducer elements of the array 28, and uses the data to determine
a physiological parameter 62 of the mammal 42 by executing
program instructions to process a combined analysis of the
echo return signals 58 received by the plurality of transducer
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elements of the array 28. The microprocessor 48 uses pattern
recognition to analyze and process the echo return signals 58
received by the plurality of ultrasonic transducer elements of
the array 28.

During step 208, the microprocessor 48 may determine
whether the internal structure 41 being monitored is the
intended target area of the mammal 42, or may determine
whether the ultrasonic monitoring device 10 needs to be
relocated to monitor the intended target area of the mammal
42, based on relative locations of the internal structure 41 to
one or more surfaces, structures, or areas within the mammal
42. If the microprocessor 48 determines that the internal
structure 41 being monitored is not the intended target area of
the mammal 42, or determines that the ultrasonic monitoring
device 10 is not properly located, steps 202 through 208 may
be repeated until it is determined that the internal structure 41
being monitored is the intended target area of the mammal 42
and the ultrasonic monitoring device 10 is properly located.
During step 208, a location of the ultrasonic monitoring
device 10 relative to the carotid artery 74 and the jugular vein
72 may be determined, and a determination may be made as
to whether the ultrasonic monitoring device 10 is located in
the desired central venous pressure monitoring location rela-
tive to the mammal 42 based on the relative location determi-
nations.

During step 208, the microprocessor 48 may determine
whether the ultrasonic monitoring device 10 has detected a
transition location 92 at which a jugular vein 72 changes from
a collapsed state to an expanded state, and if so, may deter-
mine a distance a+b+c+d of the transition location 92 away
from a portion of a heart 179, comprising a most superior
portion of the right atrium 180 of the mammal 42, and may
determine a central venous pressure CVP of the mammal 42
based on the distance a+b+c+d. During step 208, the micro-
processor 48 may use inclination data received by an incli-
nometer 47 that indicates an inclination state of the mammal
42 from the supine position. During step 208, a location and
quantity of blood or fluid positioned in the jugular vein 72
may be determined, and a central venous pressure CVP of the
mammal 42 may be determined based on the location and
quantity of the blood or fluid. During step 208, the micropro-
cessor 48 may execute an algorithm to determine central
venous pressure CVP=sin 6*(a+b+c+d), or may execute an
algorithm to determine jugular venous pressure JVP=sin
0*(b+c+d). The variables of the algorithms may be deter-
mined as previously discussed herein.

During step 210, the microprocessor 48 saves the deter-
mined physiological parameters 62, and then displays the
determined physiological parameters 62 on a display 21
located on the ultrasonic monitoring device 10, or transmits
them to a remote device 66 which displays them. The display
21 or remote device 66 may store the historical physiological
parameters 62 to be recalled and displayed at anytime. The
remote device 66 may communicate the determined physi-
ological parameters 62 to other systems. Steps 204 through
210 may be continuously repeated for a period ranging
between one to five days in order to continuously monitor the
physiological parameter 62 of the mammal 42. In other
embodiments, the continuously monitored time range may
vary.

During step 212, if the ultrasonic monitoring device 10
determines that the physiological parameter 62 is outside of a
normal range, an alert may be signaled to allow precaution-
ary, preventative, or surgical responsive measures. During
step 214, one or more portions of the ultrasonic monitoring
device 10 are disposed of (i.e. thrown away) after the moni-
tored time range, and the disposed portion of the ultrasonic

20

25

40

45

50

60

65

18

monitoring device 10 is not reused. The disposed portion of
the ultrasonic monitoring device 10 may comprise the entire
ultrasonic monitoring device 10, or any portion thereof such
as the adhesive, conformable, gel layer 22. The disposed
portion of the ultrasonic monitoring device 10 may be biode-
gradable or remanufacturable. The ultrasonic monitoring
device 10 may send an alert when the power source 46 is near
its low capacity.

The ultrasonic monitoring device 10 and the method 200 of
the disclosure may reduce one or more problems associated
with one or more current diagnostic ultrasound devices. For
instance, the ultrasonic monitoring device 10 and the method
200 ultrasonically, continuously, and non-invasively monitor
the target area of the mammal in real-time at reduced expense,
without requiring the monitoring to be done during a patient’s
stay at a medical office or hospital, in order to determine one
or more physiological parameters of the target area. This is
done without generating an image of the target area and
without using a mechanical or electrical scanning technique.
Moreover, the ultrasonic monitoring device 10 and the
method 200 are able to determine whether the ultrasonic
monitoring device 10 is positioned in the correct location and
monitoring the intended target area. Further, one or more
portions of the ultrasonic monitoring device 10 may be dis-
posable, reducing cost associated with ultrasonically moni-
toring a target area. Additionally, the ultrasonic monitoring
device 10 may transmit the results of the ultrasonic monitor-
ing to a remote device to alert appropriate health-care person-
nel if a physiological parameter is out of range without requir-
ing the patient to remain at a medical office or hospital. Due
to the reduced cost, ease of use, and accuracy of the ultrasonic
monitoring device 10, medical problems may be discovered
sooner, allowing appropriate, timely medical care to be
administered thereby reducing the probability of a serious
health problem, resulting in reduced overall medical care, and
corresponding reduced cost.

It should be understood, of course, that the foregoing
relates to exemplary embodiments of the disclosure and that
modifications may be made without departing from the scope
of the disclosure as set forth in the following claims.

We claim:

1. A central venous pressure ultrasonic monitoring device
comprising:

a substrate;

a plurality of ultrasonic transducer elements coupled to the
substrate, wherein each ultrasonic transducer element is
separately configured to transmit a signal to a jugular
vein of a mammal and to receive an echo return signal
from the jugular vein;

acomputer readable memory medium comprising program
instructions;

a microprocessor coupled to the plurality of ultrasonic
transducer elements and to the computer readable
memory medium, the microprocessor configured to
execute the program instructions to determine central
venous pressure of the mammal based on a combined
analysis of the echo return signals received by the plu-
rality of ultrasonic transducer elements without ultra-
sonically scanning the mammal or generating an ultra-
sonic image of the jugular vein; and

a power source, coupled to at least one of the plurality of
ultrasonic transducer elements, the computer readable
memory medium, or the microprocessor, configured to
supply electrical energy.

2. The central venous pressure ultrasonic monitoring

device of claim 1 wherein the microprocessor configured to
execute the program instructions is configured to determine,
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based on the combined analysis of the echo return signals
received by the plurality of ultrasonic transducer elements,
whether there is a transition location at which the jugular vein
changes from a collapsed state to an expanded state, and if so,
to determine a distance of the transition location away from a
portion of a heart of the mammal, and to determine the central
venous pressure of the mammal based on the distance.

3. The central venous pressure ultrasonic monitoring
device of claim 1 further comprising an inclinometer coupled
to the microprocessor, the microprocessor configured to
execute the program instructions to determine the central
venous pressure of the mammal based on the combined analy-
sis of the echo return signals received by the plurality of
ultrasonic transducer elements in conjunction with inclina-
tion data received by the inclinometer indicating an inclina-
tion state of the mammal from a supine position.

4. The central venous pressure ultrasonic monitoring
device of claim 1 wherein the microprocessor configured to
execute the program instructions is configured to determine,
based on the combined analysis of the echo return signals
received by the plurality of ultrasonic transducer elements, a
location and quantity of blood positioned in the jugular vein,
and to determine the central venous pressure of the mammal
based on the location and the quantity of the blood.

5. The central venous pressure ultrasonic monitoring
device of claim 1 wherein each ultrasonic transducer element
is separately configured to transmit the signal to a carotid
artery of the mammal and to receive the echo return signal
from the carotid artery, and the microprocessor configured to
execute the program instructions is configured to determine,
based on the combined analysis of the echo return signals
received by the plurality of ultrasonic transducer elements
from the carotid artery and the jugular vein, a location of the
central venous pressure ultrasonic monitoring device relative
to the carotid artery and to the jugular vein, and whether the
location is a desired central venous pressure monitoring loca-
tion relative to the mammal.

6. The central venous pressure ultrasonic monitoring
device of claim 1 wherein the plurality of ultrasonic trans-
ducer elements coupled to the substrate is positioned in an
array comprising five to ten rows of the transducer elements
and three to five columns of the transducer elements for a total
of fifteen to fifty of the transducer elements.

7. The central venous pressure ultrasonic monitoring
device of claim 1 wherein each ultrasonic transducer element
is separately configured to transmit the signal having a volt-
age of approximately 75 Volts, and a frequency of approxi-
mately 10 MHz, and each ultrasonic transducer element is
configured to receive the echo return signal from the jugular
vein for a time ranging between 1 to 50 microseconds.

8. The central venous pressure ultrasonic monitoring
device of claim 1 wherein the program instructions comprise
an algorithm configured to determine the central venous pres-
sure of the mammal based on the combined analysis of the
echo return signals received by the plurality of the ultrasonic
transducer elements, wherein the algorithm comprises central
venous pressure =(a +b +c¢ +d)*(sin 68), wherein “a” =a first
linear distance from a most superior portion of a right atrium
of the mammal to a sternal notch of the mammal, “b” =a
second linear distance from the sternal notch of the mammal
to a base of a neck of the mammal, “¢””=a third linear distance
from the base of the neck of the mammal to a surface of the
central venous pressure ultrasonic monitoring device which is
closest to the base of the neck of the mammal when the central
venous pressure ultrasonic monitoring device is attached to a
skin of the mammal and transmitting the signal, “d” =a fourth
linear distance from the surface of the central venous pressure

10

15

20

25

30

35

40

45

50

55

60

65

20

ultrasonic monitoring device which is closest to the base of
the mammal, when the central venous pressure ultrasonic
monitoring device is attached to the skin of the mammal and
transmitting the signal, to a transition location at which the
jugular vein of the mammal changes from a collapsed state to
an expanded state, and “0” =an inclination angle of the mam-
mal from a supine position.

9. A method of monitoring central venous pressure of a
mammal comprising:

positioning a central venous pressure ultrasonic monitor-

ing device against skin of a mammal,

transmitting separate signals from a plurality of ultrasonic

transducer elements of the central venous pressure ultra-
sonic monitoring device to a jugular vein of the mam-
mal;

receiving, with the plurality of ultrasonic transducer ele-

ments, echo return signals from the jugular vein of the
mammal; and

determining the central venous pressure of the mammal

using a microprocessor to execute program instructions
to process a combined analysis of the echo return signals
received by the plurality of transducer elements without
ultrasonically scanning the mammal or generating an
ultrasonic image of the jugular vein.

10. The method of claim 9 wherein the determining step
further comprises determining, based on the combined analy-
sis of the echo return signals received by the plurality of
ultrasonic transducer elements, whether there is a transition
location at which the jugular vein changes from a collapsed
state to an expanded state, and if so, determining a distance of
the transition location away from a portion of a heart of the
mammal, and determining the central venous pressure of the
mammal based on the distance.

11. The method of claim 9 wherein the determining step
further comprises determining the central venous pressure of
the mammal based on the combined analysis of the echo
return signals received by the plurality of ultrasonic trans-
ducer elements in conjunction with inclination data received
by an inclinometer indicating an inclination state of the mam-
mal from a supine position.

12. The method of claim 9 wherein the determining step
further comprises determining, based on the combined analy-
sis of the echo return signals received by the plurality of
ultrasonic transducer elements, a location and quantity of
blood positioned in the jugular vein, and determining the
central venous pressure of the mammal based on the location
and the quantity of the blood.

13. The method of claim 9 wherein the transmitting step
further comprises transmitting the separate signals to a
carotid artery of the mammal, the receiving step further com-
prises receiving the echo return signals from the carotid artery
of the mammal, and the determining step further comprises
determining, based on the combined analysis of the echo
return signals received by the plurality of ultrasonic trans-
ducer elements from the carotid artery and the jugular vein, a
location of the central venous pressure ultrasonic monitoring
devicerelative to the carotid artery and to the jugular vein, and
determining whether the location is a desired central venous
pressure monitoring location relative to the mammal.

14. The method of claim 9 wherein the transmitting step
further comprises transmitting the separate signals from the
plurality of ultrasonic transducer elements of the central
venous pressure ultrasonic monitoring device at a voltage of
approximately 75 Volts, and a frequency of approximately 10
MHz, and thereceiving step further comprises receiving, with
the plurality of ultrasonic transducer elements, the echo
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return signals from the jugular vein of the mammal for a time
ranging between 1 to 50 microseconds.

15. The method of claim 9 further comprising transmitting
the determined central venous pressure to a display device,
and displaying the determined central venous pressure with
the display device.

16. The method of claim 9 wherein the determining the
central venous pressure of the mammal using the micropro-
cessor to execute the program instructions to process the
combined analysis of the echo return signals received by the
plurality of transducer elements comprises an algorithm
determining the central venous pressure of the mammal,
wherein the algorithm comprises central venous
pressure =(a +b +c¢ +d)*(sin 8), wherein “a” =a first linear
distance from a most superior portion of a right atrium of the
mammal to a sternal notch of the mammal, “b” =a second
linear distance from the sternal notch of the mammal to a base
of aneck of the mammal, “c” =a third linear distance from the
base of the neck of the mammal to a surface of the central
venous pressure ultrasonic monitoring device which is closest
to the base of the neck of the mammal as the central venous
pressure ultrasonic monitoring device is positioned against
the skin of the mammal and transmitting the separate signals,
“d” =a fourth linear distance from the surface of the central
venous pressure ultrasonic monitoring device which is closest
to the base of the neck of the mammal, when the central
venous pressure ultrasonic monitoring device is placed
against the skin of the mammal and transmitting the separate
signals, to atransition location at which the jugular vein of the
mammal changes from a collapsed state to an expanded state,
and
“9” =an inclination angle of the mammal from a supine posi-
tion.

17. The method of claim 9 further comprising continuously
monitoring the central venous pressure of the mammal for a
period of one to five days.

18. A jugular venous pressure ultrasonic monitoring device
comprising:

a substrate;

aplurality of ultrasonic transducer elements coupled to the
substrate, wherein each ultrasonic transducer element is
separately configured to transmit a signal to a jugular
vein of a mammal and to receive an echo return signal
from the jugular vein,

acomputer readable memory medium comprising program
instructions;

a microprocessor coupled to the plurality of ultrasonic
transducer elements and to the computer readable
memory medium, the microprocessor configured to
execute the program instructions to determine jugular
venous pressure of the mammal based on a combined
analysis of the echo return signals received by the plu-
rality of ultrasonic transducer elements without ultra-
sonically scanning the mammal or generating an ultra-
sonic image of the jugular vein; and

a power source, coupled to at least one of the plurality of
ultrasonic transducer elements, the computer readable
memory medium, or the microprocessor, configured to
supply electrical energy.

19. The jugular venous pressure ultrasonic monitoring
device of claim 18 wherein the program instructions comprise
an algorithm configured to determine the jugular venous pres-
sure of the mammal based on the combined analysis of the
echo return signals received by the plurality of the ultrasonic
transducer elements, wherein the algorithm comprises jugu-
lar venous pressure =sin 0*(b +c +d), wherein “b” =a first
linear distance from a sternal notch of the mammal to a base
of a neck of the mammal, ““c” =a second linear distance from
the base of the neck of the mammal to a surface of the jugular

22

venous pressure ultrasonic monitoring device which is closest
to the base of the neck of the mammal when the jugular
venous pressure ultrasonic monitoring device is attached to a
skin of the mammal and transmitting the signal, “d” =a third
linear distance from the surface of the jugular venous pressure
ultrasonic monitoring device which is closest to the base of
the mammal, when the jugular venous pressure ultrasonic
monitoring device is attached to the skin of the mammal and
transmitting the signal, to a transition location at which the
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an expanded state, and “6” =an inclination angle of the mam-
mal from a supine position.

20. A central venous pressure ultrasonic monitoring device

comprising:

a substrate;

aplurality of ultrasonic transducer elements coupled to the
substrate, wherein each ultrasonic transducer element is
separately configured to transmit a signal to a jugular
vein of a mammal and to receive an echo return signal
from the jugular vein;

acomputer readable memory medium comprising program
instructions;

a microprocessor coupled to the plurality of ultrasonic
transducer elements and to the computer readable
memory medium, the microprocessor configured to
execute the program instructions to determine central
venous pressure of the mammal based on a combined
analysis of the echo return signals received by the plu-
rality of ultrasonic transducer elements; and

a power source, coupled to at least one of the plurality of
ultrasonic transducer elements, the computer readable
memory medium, or the microprocessor, configured to
supply electrical energy;

wherein each ultrasonic transducer element is separately
configured to transmit the signal to a carotid artery ofthe
mammal and to receive the echo return signal from the
carotid artery, and the microprocessor configured to
execute the program instructions is configured to deter-
mine, based on the combined analysis of the echo return
signals received by the plurality of ultrasonic transducer
elements from the carotid artery and the jugular vein, a
location of the central venous pressure ultrasonic moni-
toring device relative to the carotid artery and to the
jugular vein, and whether the location is a desired central
venous pressure monitoring location relative to the
mammal.

21. A central venous pressure ultrasonic monitoring device

comprising:

a substrate;

a plurality of ultrasonic transducer elements coupled to the
substrate, wherein each ultrasonic transducer element is
separately configured to transmit a signal to a jugular
vein of a mammal and to receive an echo return signal
from the jugular vein;

acomputer readable memory medium comprising program
instructions;

a microprocessor coupled to the plurality of ultrasonic
transducer elements and to the computer readable
memory medium, the microprocessor configured to
execute the program instructions to determine central
venous pressure of the mammal based on a combined
analysis of the echo return signals received by the plu-
rality of ultrasonic transducer elements; and

a power source, coupled to at least one of the plurality of
ultrasonic transducer elements, the computer readable
memory medium, or the microprocessor, configured to
supply electrical energy;
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wherein the program instructions comprise an algorithm
configured to determine the central venous pressure of
the mammal based on the combined analysis of the echo
return signals received by the plurality of the ultrasonic
transducer elements, wherein the algorithm comprises 5
central venous pressure =(a +b +c +d)*(sin 8), wherein
“a” =a first linear distance from a most superior portion
of a right atrium of the mammal to a sternal notch of the
mammal, “b” =a second linear distance from the sternal
notch of the mammal to a base of a neck of the mammal, 10
“c” =a third linear distance from the base of the neck of
the mammal to a surface of the central venous pressure
ultrasonic monitoring device which is closest to the base
of the neck of the mammal when the central venous
pressure ultrasonic monitoring device is attached to a 15
skin of the mammal and transmitting the signal, “d” =a
fourth linear distance from the surface of the central
venous pressure ultrasonic monitoring device which is
closest to the base of the mammal, when the central
venous pressure ultrasonic monitoring device is 20
attached to the skin of the mammal and transmitting the
signal, to a transition location at which the jugular vein
of the mammal changes from a collapsed state to an
expanded state, and “0” =an inclination angle of the
mammal from a supine position. 25
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