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scanning, by the ultrasonic probe, a body surface of a —S310
tested subject to acquire an echo signal

'

measuring, by the blood pressure measuring module, a _—S320
blood pressure parameter of the tested subject

'

receiving, by the processing module, the echo signal
and processing the echo signal into a blood flow
parameter, and calculating a myocardial mechanic
parameter according to the blood flow parameter and

_—$330

the blood pressure parameter

'

displaying, by display module, the blood pressure
parameter, the blood flow parameter, and the

myocardial mechanic parameter

FIG. 3



US 2016/0310103 A1

ULTRASONIC MEDICAL MONITORING
DEVICE AND METHOD

FIELD OF THE INVENTION

[0001] The present disclosure relates to medical equip-
ment, and more particularly relates to a multi-probe syn-
chronous scanning ultrasonic medical monitoring device
and method.

BACKGROUND OF THE INVENTION

[0002] In the ventricular-peripheral arterial coupling, the
circulatory system is considered as a whole, the ventricle
and artery can be regarded as an elastic system, and the
effects thereof are mutually influenced. The diastolic and
systolic function of the ventricle can supply blood for
internal organs, including the ventricle itself and distal
limbs. Since the left ventricle and the aorta can be regarded
as a driving pump and a passive pump connected in series,
the resistance of the driving pump and peripheral vascular
tree will be reflected in the artery waveform curve. When the
ventricle and the peripheral arteries are matched and well
coupled, three peaks will appear in the pulse wave, which
represents the left ventricle, aorta and aortic valve closure,
respectively. The rules of ventricular contraction and periph-
eral arterial coupling can be determined once the ventricular
volume and the peripheral arteries’ volume and/or pressure
information are obtained simultaneously.

[0003] Among numerous cardiac function tests, index,
stroke volume, and ejection fraction, etc., are influenced by
cardiac preload, afterload, and heart rate; thus they cannot be
used to reflect specific in vivo (contrary to “in vitro™ in this
context) ventricular systolic function and myocardial con-
tractility. Plenty of data show that the end-systolic pressure-
volume relation plays a significant role in assessment of
systolic function status. The Maximum FElastance (Emax)
measured by the conventional cardiac catheterization is a
slope of the ventricular end-systolic pressure-volume rela-
tion line, which is a specific index reflecting in vivo ven-
tricular contractility. However, due to the traumatic problem
and expensive price, the cardiac catheterization is difficult to
carry out in clinical settings.

SUMMARY OF THE INVENTION

[0004] Accordingly, it is necessary to provide an ultra-
sonic medical monitoring device and method which can
acquire myocardial mechanics parameters in a less invasive
manner.

[0005] An ultrasonic medical monitoring device includes:
[0006] at least one ultrasonic probe attached to a body
surface of a tested subject and configured to scan the body
surface and acquire an echo signal;

[0007] a blood pressure measuring module configured to
measure a blood pressure parameter of the tested subject;
[0008] a processing module configured to receive the echo
signal and process the echo signal into a blood flow param-
eter, the processing module being further configured to
calculate a myocardial mechanic parameter according to the
blood flow parameter and the blood pressure parameter; and
[0009] a display module coupled to the processing module
and configured to display the blood pressure parameter, the
blood flow parameter, and the myocardial mechanic param-
eter.
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[0010] In one embodiment, the blood pressure parameter
includes peripheral arterial pulse wave information and
blood pressure information.

[0011] Inone embodiment, the blood pressure information
includes a systolic pressure, a diastolic pressure, and a mean
arterial pressure.

[0012] In one embodiment, the ultrasonic medical moni-
toring device includes a plurality of ultrasonic probes
attached to different portions of the body surface of the
tested subject.

[0013] In one embodiment, the plurality of ultrasonic
probes are attached to the ventricle, aorta and peripheral
arteries of the tested subject to perform synchronized real-
time scanning.

[0014] In one embodiment, the processing module is con-
figured to digitally process the echo signal to obtain a digital
processing signal, and to obtain a numerical parameter,
waveform or trend graph calculation according to the digital
processing signal. wherein the digital processing signal is
selected from the group consisting of: RF signal, baseband
signal, and envelope signal.

[0015] In one embodiment, the processing module is con-
figured to digitally process the echo signal to obtain a digital
processing signal, and to obtain an ultrasound image accord-
ing to the digital processing signal and a chosen imaging
mode, and to obtain the blood flow parameter calculation
according to the ultrasound image, wherein the imaging
mode supported by the processing module is selected from
the group consisting of: B-mode imaging mode, M-mode
imaging mode, color imaging mode, pulsed-wave imaging
mode, elastosonography mode, 3D imaging mode, and 4D
imaging mode.

[0016] In one embodiment, the blood flow parameter
includes at least one of 2D ventricular motion curve,
M-mode ventricular motion curve, 2D or M-mode aortic
motion curve, aortic forward Doppler blood flow signal, 2D
or M-mode peripheral artery motion curve, and peripheral
arterial Doppler flow signal.

[0017] In one embodiment, the processing module is con-
figured to obtain at least one selected from the group
consisting of: cardiac ejection fraction, left ventricular frac-
tional shortening, stroke volume, cardiac output, cardiac
index, left ventricular end-diastolic volume, and left ven-
tricular end-systolic volume, which are calculated according
to the blood flow parameter.

[0018] In one embodiment, the processing module is con-
figured to obtain at least one selected from the group
consisting of: ventricular diameter, ventricular volume,
M-mode curve rising speed and acceleration, which are
calculated according to the blood flow parameter.

[0019] In one embodiment, the myocardial mechanic
parameter is selected from the group consisting of: duration
from aortic valve closure to starting point of ABP waveform
ascending branch, aortic waveform variability weighed by
ventricle SV variability, slope of the ascending branch of
ABP waveform regressed by M-mode curve rising speed,
slope of the ascending branch of ABP waveform regressed
by aortic forward blood flow velocity, X-axis intercept of
left ventricular end-systolic pressure-volume relation line,
and systolic maximum elastance.

[0020] In one embodiment, the systolic maximum
elastance is calculated by the following formula: Emax=Pes/
(Ves—Vop), where Emax is the systolic maximum elastance;
Pes is the end-systolic left ventricular pressure; Ves is the
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left ventricular end-systolic volume; and Vop is the X-axis
intercept of the left ventricular end-systolic pressure-volume
relation line.

[0021] In one embodiment, the ultrasonic medical moni-
toring device further includes an operation panel configured
to receive a trigger signal, wherein the display module is
configured to display a plurality of display windows, and the
plurality of display windows are switchable for displaying
numerical parameters, a waveform, and a trend graph upon
triggering of the operation panel.

[0022] In one embodiment, the blood pressure measuring
module is at least one selected from the group consisting of:
aneroid sphygmomanometer, finger sphygmomanometer,
arterial catheter, and venous catheter tube.

[0023] In one embodiment, the ultrasonic medical moni-
toring device further includes a storage module configured
to store the blood pressure parameter and the blood flow
parameter.

[0024] An ultrasonic medical monitoring method is imple-
mented on the ultrasonic medical monitoring device
described above, and the method includes the following
steps:

[0025] scanning, by an ultrasonic probe, a body surface of
a tested subject to acquire an echo signal;

[0026] measuring, by a blood pressure measuring module,
a blood pressure parameter of the tested subject;

[0027] receiving, by a processing module, the echo signal
and processing the echo signal into a blood flow parameter,
and calculating a myocardial mechanic parameter according
to the blood flow parameter and the blood pressure param-
eter; and

[0028] displaying, by a display module, the blood pressure
parameter, the blood flow parameter, and the myocardial
mechanic parameter.

[0029] In one embodiment, the blood pressure parameter
includes peripheral arterial pulse wave information and
blood pressure information.

[0030] Inoneembodiment, the blood pressure information
includes a systolic pressure, a diastolic pressure, and a mean
arterial pressure.

[0031] In one embodiment, the ultrasonic medical moni-
toring device further includes a plurality of ultrasonic probes
attached to different portions of the body surface of the
tested subject.

[0032] In one embodiment, the plurality of ultrasonic
probes are attached to the ventricle, aorta and peripheral
arteries of the tested subject to perform synchronized real-
time scanning.

[0033] In one embodiment, processing the echo signal by
the processing module includes: digitally processing the
echo signal to obtain a digital processing signal, and obtain-
ing a numerical parameter, waveform or trend graph calcu-
lation according to the digital processing signal, wherein the
digital processing signal is selected from the group consist-
ing of: RF signal, baseband signal, and envelope signal.
[0034] In one embodiment, processing the echo signal by
the processing module includes: digitally processing the
echo signal to obtain a digital processing signal, and obtain-
ing an ultrasound image according to the digital processing
signal and a chosen imaging mode, and obtaining the blood
flow parameter calculation according to the ultrasound
image, wherein the imaging mode supported by the process-
ing module is selected from the group consisting of: B-mode
imaging mode, M-mode imaging mode, color imaging
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mode, pulsed-wave imaging mode, elastosonography mode,
3D imaging mode, and 4D imaging mode.

[0035] In one embodiment, the blood flow parameter
includes at least one of 2D ventricular motion curve,
M-mode ventricular motion curve, 2D or M-mode aortic
motion curve, aortic forward Doppler blood flow signal, 2D
or M-mode peripheral artery motion curve, and peripheral
arterial Doppler flow signal.

[0036] In one embodiment, the processing module is con-
figured to obtain at least one selected from the group
consisting of: cardiac ejection fraction, left ventricular frac-
tional shortening, stroke volume, cardiac output, cardiac
index, left ventricular end-diastolic volume, and left ven-
tricular end-systolic volume, which are calculated according
to the blood flow parameter.

[0037] Inone embodiment, the processing module is con-
figured to obtain at least one selected from the group
consisting of: ventricular diameter, ventricular volume,
M-mode curve rising speed and acceleration, which are
calculated according to the blood flow parameter.

[0038] In one embodiment, the myocardial mechanic
parameter is selected from the group consisting of: duration
from aortic valve closure to starting point of ABP waveform
ascending branch, aortic waveform variability weighed by
ventricle SV variability, slope of the ascending branch of
ABP waveform regressed by M-mode curve rising speed,
slope of the ascending branch of ABP waveform regressed
by aortic forward blood flow velocity, X-axis intercept of
left ventricular end-systolic pressure-volume relation line,
and systolic maximum elastance.

[0039] In one embodiment, the systolic maximum
elastance is calculated by the following formula: Emax=Pes/
(Ves—Vop), where Emax is the systolic maximum elastance;
Pes is the end-systolic left ventricular pressure; Ves is the
left ventricular end-systolic volume; and Vop is the X-axis
intercept of the left ventricular end-systolic pressure-volume
relation line.

[0040] In one embodiment, the display module is config-
ured to display a plurality of display windows, and the
plurality of display windows are switchable for displaying
numerical parameters, a waveform, and a trend graph upon
triggering of the operation panel.

[0041] In one embodiment, the blood pressure measuring
module is at least one selected from the group consisting of’
aneroid sphygmomanometer, finger sphygmomanometer,
arterial catheter, and venous catheter tube.

[0042] In one embodiment, the method further comprises
storing, by a storage module, the blood pressure parameter
and the blood flow parameter.

[0043] Compared with the conventional cardiac catheter-
ization, the foregoing device and method acquire the blood
pressure parameter and the blood flow parameter using
ultrasound and a blood pressure synchronous detection
technique, and the myocardial mechanics parameters such as
the systolic maximum elastance are calculated by a com-
puter program; therefore, the device and method are less
invasive to the human body and are suitable for clinical
application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The components in the drawings are not necessar-
ily drawn to scale, the emphasis instead being placed upon
clearly illustrating the principles of the present disclosure.
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Moreover, in the drawings, like reference numerals desig-
nate corresponding parts throughout the views.

[0045] FIG. 1 is a block diagram of a schematic configu-
ration of an ultrasound medical monitoring equipment
according to an embodiment;

[0046] FIG. 2 is an explanatory diagram of an example in
a blood pressure waveform curve; and

[0047] FIG. 3 is a flowchart of an embodiment of an
ultrasound medical monitoring method.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0048] The above and other features of the invention,
including various novel details of construction and combi-
nations of parts, and other advantages, will now be more
particularly described with reference to the accompanying
drawings and pointed out in the claims. It will be understood
that the particular method and device embodying the inven-
tion are shown by way of illustration and not as a limitation
of the invention. The principles and features of this inven-
tion may be employed in various and numerous embodi-
ments without departing from the scope of the invention.
[0049] Referring to FIG. 1, an ultrasonic medical moni-
toring device 100 according to an embodiment includes at
least one ultrasonic probe 20, a blood pressure measuring
module 40, a processing module 60, and a display module
80.

[0050] The number of the ultrasonic probe 20 can be one
or more. In one embodiment, a plurality of ultrasonic probes
20 are attached to different portions of a body surface of a
tested subject (e.g., a human body) to transmit ultrasonic
waves to the body tissue. The ultrasonic waves are reflected
or scattered by blood vessels, and partially returned to the
ultrasonic probe 20 and received by the ultrasonic probe 20
as an echo, such that a longtime, stable continuous ultra-
sound scan monitoring sections of different parts can be
achieved. A user (e.g., a doctor) can freely adjust the fixing
positions (e.g., the ventricle, aorta and peripheral arteries) of
the ultrasonic probe 20 to scan the same section of the fixing
position of the tested subject, such that the probes can scan
the human body at any desired angle, and thus a more
accurate ultrasonic image can be obtained. The echo signal
acquired by scanning will be transmitted to the processing
module 60 by the plurality of ultrasonic probes 20.

[0051] The blood pressure measuring module 40 is mainly
configured to measure a blood pressure parameter of the
tested subject, and the parameter is then transmitted to the
processing module 60. Measurement methods can be non-
invasive or invasive. Specifically, the blood pressure mea-
suring module 40 can be at least one of the following
devices: aneroid sphygmomanometer, finger sphygmoma-
nometer, arterial catheter, and venous catheter tube. The
blood pressure measuring module 40 is wired to the pro-
cessing module 60. In alternative embodiments, the blood
pressure measuring module 40 can be a pressure sensor on
the various principles or a pressure measuring module in
other forms, including various modules employed by indi-
rect measurement and direct measurement, such as a volume
compensation method or pulse wave velocity measurenient
method. The blood pressure measuring module 40 can also
be an ultrasonic blood pressure measurement module, which
will not be described in further detail. The measured blood
pressure parameter includes peripheral arterial pulse wave
information and blood pressure information, such as a mean
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arterial pressure, a diastolic pressure, a systolic pressure, and
a blood pressure waveform curve, etc. FIG. 2 illustrates a
typical blood pressure waveform curve, where “a” repre-
sents a rate of pressure rise, which is related to myocardial
contractility; “b” represents area under the pulse pressure
curve to indicate stroke volume; “c” represents systolic
period to indicate myocardial oxygen consuming time; and
“d” represents a diastolic period to indicate myocardial
oxygen supply time. Under the control of the processing
module 60, the blood pressure measuring module 40 can
perform simultaneous scanning with the plurality of ultra-
sonic probes 20.

[0052] The processing module 60 can be integrated into a
monitoring host 70 and is configured to process the acquired
echo signal to obtain a blood flow parameter. In one embodi-
ment, processing the echo signal of the tested subject by the
processing module 60 specifically includes: calculating
according to the echo signal a numerical parameter, wave-
form or trend graph, wherein the numerical parameter is the
physiological parameters of hemodynamic parameters, car-
diac parameters and other information. In an alternative
embodiment, processing the echo signal of the tested subject
by the processing module 60 specifically includes: digitally
processing the echo signal to obtain a digital processing
signal, and optionally generating the selected ultrasound
images or ultrasound images in supported imaging modes.
The processing module 60 then performs an automatic
calculation and analysis based on the obtained ultrasound
images in supported imaging modes to obtain a numerical
parameter, waveform or trend graph. The digital processing
signal is selected from the group consisting of: RF signal,
baseband signal, and envelope signal. The supported imag-
ing modes of the processing module 60 are selected from the
group consisting of: B-mode (Brightness) imaging mode,
M-mode (Motion-Time) imaging mode, color imaging
mode, pulsed-wave (PW) imaging mode, elastosonography
mode, 3D (three-dimensional) imaging mode, and 4D (four-
dimensional) imaging mode.

[0053] The obtained blood flow parameter processed by
the processing module 60 can include hemodynamic param-
eters and cardiac parameters; for example, the blood flow
parameter can include at least one of: 2D ventricular motion
curve, M-mode ventricular motion curve, 2D or M-mode
aortic motion curve, aortic forward Doppler blood flow
signal, 2D or M-mode peripheral artery motion curve, and
peripheral arterial Doppler blood flow signal. In one
embodiment, on the basis of the foregoing blood flow
parameters, at least one of the following parameters can be
calculated by the processing module 60: cardiac ejection
fraction, left ventricular fractional shortening, stroke vol-
ume, cardiac output, cardiac index, left ventricular end-
diastolic volume, and left ventricular end-systolic volume.
In one embodiment, at least one of the following parameters
can be calculated by the processing module 60: ventricular
diameter, ventricular volume, M-mode curve rising speed
and acceleration.

[0054] In the illustrated embodiment, at least one of the
myocardial mechanic parameters below is calculated by the
processing module 60 according to said blood flow param-
eters and the blood pressure parameter obtained by the blood
pressure measuring module 40:

[0055] (1) duration from aortic valve closure to starting
point of arterial blood pressure (ABP) waveform ascending
branch. The closing time of the aortic valve can be obtained
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by an M-mode ultrasound image; the starting time of the
ABP waveform ascending branch can be obtained via the
blood pressure measuring module 40; and the duration can
be a difference between the closing time and the starting
time.

[0056] (2) aortic waveform variability weighed by ven-
tricle stroke volume (SV) variability. The stroke volume
variability (SVV) can be calculated by the following equa-
tion: SVV=(SVmax-SVmin)/SVmean; i.e., the stroke vol-
ume variability can be defined as the ratio of difference
between the maximum stroke volume (SVmax) and the
minimum stroke volume (SVmin) to the average of stroke
volume (SVmean). With reference of the pulse pressure
variation (PPV), the aortic waveform variability can be
calculated by the following equation: PPV=(PPmax-PP-
min)/PPmean, where the maximum pulse pressure (PPmax)
and the minimum pulse pressure (PPmin) can be obtained by
the blood pressure measuring module 40. The weighting
methods can be the ratio, the correlation coeflicient, and the
function graphics, etc.. and they can also be determined by
practical clinical experience.

[0057] (3) slope of the ascending branch of ABP wave-
form regressed by M-mode curve rising speed. The rising
speed of the M-mode curve can be obtained from an
M-mode image by the following equation: (end-diastolic
volume-end-systolic volume)/relaxation time. The slope of
the ascending branch of ABP waveform, represented by line
ain FIG. 2, can be obtained by the blood pressure measuring
module 40. The regression used herein refers to a statistical
technique for estimating the relationships among variables.
[0058] (4) slope of the ascending branch of ABP wave-
form regressed by aortic forward blood flow velocity. The
aortic forward blood flow velocity can be calculated accord-
ing to an aortic forward blood flow Doppler signal, and the
slope of the ascending branch is previously defined in (3).
[0059] (5) X-axis intercept (Vop) of left ventricular end-
systolic pressure-volume relation line. Vop represents the
X-axis intercept of the left ventricular end-systolic pressure-
volume relation line—i.e., the left ventricular end-systolic
volume when the stress is equal to zero, which can be
obtained by extrapolation of multiple sets of pressure-
volume data or programmed processing of a computer. In
practice, the left ventricular end-systolic pressure and the
left ventricular end-systolic pressure-volume relation can be
obtained by left ventricular pressure measured directly from
cuff blood pressure and left heart catheterization. The results
show that there is an excellent correlation between the left
ventricular end-systolic pressure (Pes) and mean arterial
blood pressure (Bp) with r=0.82. Compared to end-systolic
pressure-volume relation (ESPVR) calculated invasively
from directly measured pressure, there is a better correlation
with 1=0.99 when using Bp to substitute left ventricular
end-systolic pressure to calculate the ESPVR. Therefore, the
left ventricular end-systolic pressure-volume relation line
can be estimated using the mean arterial blood pressure
instead of the end-systolic left ventricular pressure. The
end-systolic left ventricular pressure (Pes) can be calculated
as follows: Pes=(Pps—Pd)/3+Pd, where Pps is systolic pres-
sure, and Pd is diastolic pressure, both of which can be
obtained by the blood pressure measuring module 40.
[0060] (6) systolic maximum elastance (Emax). Regard-
ing the left ventricle as an oval elastomer with a posterior
wall cavity, Emax can be calculated according to myocardial
mechanics as follows: Emax=Pes/(Ves-Vop), where Pes is
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end-systolic left ventricular pressure; Ves is left ventricular
end-systolic volume; and Vop is the X-axis intercept of the
left ventricular end-systolic pressure-volume relation line.
Emax is a sensitive indicator that can reflect ventricular
contractility and is not affected by factors such as load.
[0061] The display module 80 is coupled to the processing
module 60 for displaying the blood pressure parameter, the
blood flow parameter, and the myocardial mechanic param-
eter. Specifically, the display module 80 has: (1) an image
display mode, which can be used to display a 2D ventricular
motion curve, M-mode ventricular motion curve, 2D or
M-mode aortic motion curve, acrtic forward Doppler blood
flow signal, 2D or M-mode peripheral artery motion curve,
and peripheral arterial Doppler flow signal (customized by
the user); (2) a parameter display mode, which can be used
to display multi-site blood flow parameters and waveforms,
blood pressure values and waveforms, ventricular diameter,
M-mode curve rising speed and acceleration value and trend,
and systolic maximum elastance (Emax); (3) a mode for
displaying the peripheral arterial pressure-ventricular vol-
ume diagram (systolic period); and (4) a mode for synchro-
nously displaying the blood flow status of the left ventricle,
aorta and peripheral arteries, and peripheral vascular mem-
bers. The left ventricle, aorta and peripheral arteries can be
displayed by 2D ultrasound (i.e., B-mode), M-mode ultra-
sound, ultrasound Doppler, or even 3D images. The periph-
eral vascular members can be displayed by 2D ultrasound,
M-mode ultrasound, or ultrasound Doppler via ultra-high
frequency linear array. Oxygen saturation (SpO2) can also
be displayed by oximeter module. The user can freely
choose which parts to be displayed, or by which displaying
means. Therefore a synchronous, coupling displaying
mechanism can be provided for the completed circulatory
system of left ventricle-aorta-peripheral arteries-peripheral
circulation.

[0062] In one embodiment, the ultrasonic medical moni-
toring device 100 further includes an operation panel 82
configured to receive a trigger signal. The display module 80
can display a plurality of display windows, which are
switchable for displaying numerical parameters, a wave-
form, and a trend graph upon triggering of the operation
panel 82. The “triggering” used herein can be achieved by
pressing physical operation keys or touch buttons on a
display screen integrated to the display module 80. In other
words, by touching the operation keys or choosing corre-
sponding touch buttons, different information, such as ultra-
sound images, can be displayed on the display screen of the
display module 80, thus facilitating reviewing by the doctor.
[0063] In one embodiment, the ultrasonic medical moni-
toring device 100 further includes a storage module 50
configured to store the blood pressure parameter and the
blood flow parameter, such that the doctor can access those
parameters at any time.

[0064] In one embodiment, the ultrasonic medical moni-
toring device 100 further includes a general physiological
monitoring module 90 configured to monitor general physi-
ological parameters. The general physiological parameters
include, for instance, electrocardiogram (ECG) parameters,
oxygen saturation parameters, respiration, etc. Specifically,
the general physiological monitoring module 90 is a func-
tional module which can monitor at least one of said
parameters; for example, it can be a module integrated with
an ECG monitoring function, oxygen saturation parameters
monitoring, and respiratory monitoring. The general physi-
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ological monitoring module 90 can be coupled to the pro-
cessing module 60, and the physiological parameters
obtained by monitoring can be displayed on the display
window of the display module 80.

[0065] It should be understood that the plurality of ultra-
sonic probes 20, the blood pressure measuring module 40,
and the general physiological monitoring module 90 can
also be independent and detachable modules, which can be
coupled to the monitoring host 70 via pluggable connectors.
Corresponding pluggable interfaces can be reserved on the
monitoring host 70, such that when using one or some of the
monitoring modules, the corresponding measuring modules
can be plugged to the monitoring host 70, thus facilitating
choice of modules by doctors.

[0066] Compared with the conventional cardiac catheter-
ization, the foregoing device and method acquire the blood
pressure parameter and the blood flow parameter using
ultrasound and a blood pressure synchronous detection
technique, and the myocardial mechanics parameters, such
as the systolic maximum elastance, are calculated by a
computer program; therefore the device and method will be
less invasive to the human body and are suitable for clinical
application.

[0067] Referring to FIG. 3, an ultrasonic medical moni-
toring method according to an embodiment can be imple-
mented on the foregoing ultrasonic medical monitoring
device. The method includes the following steps:

[0068] In step S310, a body surface of a tested subject is
scanned by the ultrasonic probe to acquire an echo signal.
[0069] In one embodiment, a plurality of ultrasonic probes
are attached to different portions of a body surface of a tested
subject (e.g., a human), such that a longtime, stable con-
tinuous ultrasound scan monitoring sections of different
parts can be achieved.

[0070] In one embodiment, the plurality of ultrasonic
probes are attached to the ventricle, aorta and peripheral
arteries of the tested subject to perform synchronized real-
time scanning.

[0071] In step S320, a blood pressure parameter of the
tested subject is measured by the blood pressure measuring
module.

[0072] In one embodiment, the blood pressure measuring
module is selected from the group consisting of: aneroid
sphygmomanometer, finger sphygmomanometer, arterial
catheter, and venous catheter tube.

[0073] In one embodiment, the blood pressure parameter
includes peripheral arterial pulse wave information and
blood pressure information.

[0074] Inoneembodiment, the blood pressure information
includes a systolic pressure, a diastolic pressure, and a mean
arterial pressure.

[0075] In step S330. the echo signal is received by the
processing module, the echo signal is processed into a blood
flow parameter, and a myocardial mechanic parameter is
calculated according to the blood flow parameter and the
blood pressure parameter.

[0076] In one embodiment, the step of processing the echo
signal by the processing module includes: digitally process-
ing the echo signals to obtain a digital processing signal, and
obtaining a numerical parameter, waveform or trend graph
calculation according to the digital processing signal,
wherein the digital processing signal is selected from the
group consisting of: RF signal, baseband signal, and enve-
lope signal.
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[0077] In one embodiment, the step of processing the echo
signal by the processing module includes: digitally process-
ing the echo signals to obtain a digital processing signal,
obtaining an ultrasound image according to the digital
processing signal and a chosen imaging mode, and obtaining
the blood flow parameter calculation according to the ultra-
sound image, wherein the imaging mode supported by the
processing module is selected from the group consisting of:
B-mode imaging mode, M-mode imaging mode, color imag-
ing mode, pulsed-wave imaging mode, elastosonography
mode, 3D imaging mode, and 4D imaging mode.

[0078] In one embodiment, the blood flow parameter
includes at least one of 2D ventricular motion curve,
M-mode ventricular motion curve, 2D or M-mode aortic
motion curve, aortic forward Doppler blood flow signal, 2D
or M-mode peripheral artery motion curve, and peripheral
arterial Doppler flow signal.

[0079] In one embodiment, the processing module is con-
figured to obtain at least one selected from the group
consisting of: cardiac ejection fraction, left ventricular frac-
tional shortening, stroke volume, cardiac output, cardiac
index, left ventricular end-diastolic volume, and left ven-
tricular end-systolic volume, which are calculated according
to the blood flow parameter.

[0080] In one embodiment, the processing module is con-
figured to obtain at least one selected from the group
consisting of: ventricular diameter, ventricular volume,
M-mode curve rising speed and acceleration, which are
calculated according to the blood flow parameter.

[0081] In one embodiment, the myocardial mechanic
parameter is at least one selected from the group consisting
of: duration from aortic valve closure to starting point of
ABP waveform ascending branch, aortic waveform variabil-
ity weighed by ventricle SV variability, slope of the ascend-
ing branch of ABP waveform regressed by M-mode curve
rising speed, slope of the ascending branch of ABP wave-
form regressed by aortic forward blood flow velocity, X-axis
intercept of the left ventricular end-systolic pressure-volume
relation line, and systolic maximum elastance.

[0082] In one embodiment, the systolic maximum
elastance is calculated by the following formula: Emax=Pes/
(Ves—Vop), where Emax is the systolic maximum elastance;
Pes is the end-systolic left ventricular pressure; Ves is the
left ventricular end-systolic volume; and Vop is the X-axis
intercept of the left ventricular end-systolic pressure-volume
relation line.

[0083] In step S340, the blood pressure parameter, the
blood flow parameter, and the myocardial mechanic param-
eter are displayed by a display module.

[0084] In one embodiment, the display module is config-
ured to display a plurality of display windows, and the
plurality of display windows are switchable for displaying
numerical parameters, a waveform, and a trend graph upon
triggering of the operation panel.

[0085] In one embodiment, the method further includes
storing the blood pressure parameter and the blood flow
parameter by a storage module.

[0086] It should be understood that embodiments of the
invention may be implemented in hardware, firmware, soft-
ware, or any combination thereof. Embodiments of the
invention may also be implemented as instructions stored on
a computer-readable storage medium, which may be read
and executed by one or more processors. The computer-
readable storage medium may include magnetic disk storage
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media, optical storage media, read only memory (ROM),
random access meniory (RAM), and the like. It should be
understood that when an element is referred to as being
“connected” or “coupled” to another element, it can be
directly connected or coupled to the other element, or
intervening elements may be present. It should be under-
stood that, although the ultrasonic medical monitoring
device is defined herein, the ultrasonic probes and the blood
pressure measuring module can also be integrated into other
medical equipment or systems, such as computed tomogra-
phy (CT) or magnetic resonance imaging (MM) equipment.
[0087] Although the description is illustrated and
described herein with reference to certain embodiments, the
description is not intended to be limited to the details shown.
Modifications may be made in the details within the scope
and range equivalents of the claims.

What is claimed is:

1. An ultrasonic medical monitoring device, comprising:

at least one ultrasonic probe attached to a body surface of
a tested subject and configured to scan the body surface
and acquire an echo signal;

ablood pressure measuring module configured to measure
a blood pressure parameter of the tested subject;

a processing module configured to receive the echo signal
and process the echo signal into a blood flow parameter,
the processing module being further configured to
calculate a myocardial mechanic parameter according
to the blood flow parameter and the blood pressure
parameter; and

a display module coupled to the processing module and
configured to display the blood pressure parameter, the
blood flow parameter, and the myocardial mechanic
parameter.

2. The ultrasonic medical monitoring device according to
claim 1, wherein the blood pressure parameter comprises
peripheral arterial pulse wave information and blood pres-
sure information.

3. The ultrasonic medical monitoring device according to
claim 2, wherein the blood pressure information comprises
a systolic pressure, a diastolic pressure, and a mean arterial
pressure.

4. The ultrasonic medical monitoring device according to
claim 1, comprising a plurality of ultrasonic probes attached
to different portions of the body surface of the tested subject.

5. The ultrasonic medical monitoring device according to
claim 4, wherein the plurality of ultrasonic probes are
attached to a ventricle, an aorta and peripheral arteries of the
tested subject to perform synchronized real-time scanning.

6. The ultrasonic medical monitoring device according to
claim 1, wherein the processing module is configured to
digitally process the echo signal to obtain a digital process-
ing signal, and to obtain a numerical parameter, waveform or
trend graph calculation according to the digital processing
signal, wherein the digital processing signal is selected from
a group consisting of: RF signal, baseband signal, and
envelope signal.

7. The ultrasonic medical monitoring device according to
claim 1, wherein the processing module is configured to
digitally process the echo signal to obtain a digital process-
ing signal, and to obtain an ultrasound image according to
the digital processing signal and a chosen imaging mode,
and to obtain the blood flow parameter calculation according
to the ultrasound image, wherein the imaging mode sup-
ported by the processing module is selected from a group
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consisting of: B-mode imaging mode, M-mode imaging
mode, color imaging mode, pulsed-wave imaging mode,
elastosonography mode, 3D imaging mode, and 4D imaging
mode.

8. The ultrasonic medical monitoring device according to
claim 7, wherein the blood flow parameter comprises at least
one of: 2D ventricular motion curve, M-mode ventricular
motion curve, 2D or M-mode aortic motion curve, aortic
forward Doppler blood flow signal, 2D or M-mode periph-
eral artery motion curve, and peripheral arterial Doppler
flow signal.

9. The ultrasonic medical monitoring device according to
claim 8, wherein the processing module is configured to
obtain at least one selected from a group consisting of:
cardiac ejection fraction, left ventricular fractional shorten-
ing, stroke volume, cardiac output, cardiac index, left ven-
tricular end-diastolic volume, and left ventricular end-sys-
tolic volume, which are calculated according to the blood
flow parameter.

10. The ultrasonic medical monitoring device according
to claim 8, wherein the processing module is configured to
obtain at least one selected from a group consisting of:

ventricular diameter, ventricular volume, M-mode curve

rising speed and acceleration, which are calculated
according to the blood flow parameter.

11. The ultrasonic medical monitoring device according
to claim 9, wherein the myocardial mechanic parameter is
selected from a group consisting of: duration from aortic
valve closure to starting point of arterial blood pressure
(ABP) waveform ascending branch, aortic waveform vari-
ability weighed by ventricle stroke volume variability, slope
of the ascending branch of ABP waveform regressed by
M-mode curve rising speed, slope of the ascending branch
of ABP waveform regressed by aortic forward blood flow
velocity, X-axis intercept of left ventricular end-systolic
pressure-volume relation line, and systolic maximum
elastance.

12. The ultrasonic medical monitoring device according
to claim 11, wherein the systolic maximum elastance is
calculated by the following formula: Emax=Pes/(Ves-Vop),
where Emax is the systolic maximum elastance; Pes is the
end-systolic left ventricular pressure; Ves is the left ven-
tricular end-systolic volume; and Vop is the X-axis intercept
of left ventricular end-systolic pressure-volume relation line.

13. The ultrasonic medical monitoring device according
to claim 6, further comprising an operation panel configured
to receive a trigger signal, wherein the display module is
configured to display a plurality of display windows, and the
plurality of display windows are switchable for displaying
numerical parameters, a waveform, and a trend graph upon
triggering of the operation panel.

14. The ultrasonic medical monitoring device according
to claim 1, wherein the blood pressure measuring module is
at least one selected from a group consisting of: aneroid
sphygmomanometer, finger sphygmomanometer, arterial
catheter, and venous catheter tube.

15. The ultrasonic medical monitoring device according
to claim 1, further comprising a storage module configured
to store the blood pressure parameter and the blood flow
parameter.

16. An ultrasonic medical monitoring method imple-
mented on the ultrasonic medical monitoring device accord-
ing to claim 1, the method comprising the following steps:
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scanning, by an ultrasonic probe, a body surface of a

tested subject to acquire an echo signal;
measuring, by a blood pressure measuring module, a
blood pressure parameter of the tested subject;

receiving, by a processing module, the echo signal and
processing the echo signal into a blood flow parameter,
and calculating a myocardial mechanic parameter
according to the blood flow parameter and the blood
pressure parameter; and

displaying, by a display module, the blood pressure

parameter, the blood flow parameter, and the myocar-
dial mechanic parameter.

17. The method according to claim 16, wherein the blood
pressure parameter comprises peripheral arterial pulse wave
information and blood pressure information.

18. The method according to claim 17, wherein the blood
pressure information comprises a systolic pressure, a dia-
stolic pressure, and a mean arterial pressure.

19. The method according to claim 16, wherein the
ultrasonic medical monitoring device further comprises a
plurality of ultrasonic probes attached to different portions
of the body surface of the tested subject.

20. The method according to claim 19, wherein the
plurality of ultrasonic probes are attached to a ventricle, an
aorta and peripheral arteries of the tested subject to perform
synchronized real-time scanning.

21. The method according to claim 16, wherein process-
ing the echo signal by the processing module comprises:
digitally processing the echo signals to obtain a digital
processing signal, and obtaining a numerical parameter,
waveform or trend graph calculation according to the digital
processing signal, wherein the digital processing signal is
selected from a group consisting of: RF signal, baseband
signal, and envelope signal.

22. The method according to claim 16, wherein process-
ing the echo signal by the processing module comprises:

digitally processing the echo signals to obtain a digital

processing signal, and obtaining an ultrasound image
according to the digital processing signal and a chosen
imaging mode, and obtaining the blood flow parameter
calculation according to the ultrasound image, wherein
the imaging mode supported by the processing module
is selected from a group consisting of: B-mode imaging
mode, M-mode imaging mode, color imaging mode,
pulsed-wave imaging mode, elastosonography mode,
3D imaging mode, and 4D imaging mode.

23. The method according to claim 22, wherein the blood
flow parameter comprises at least one of 2D ventricular
motion curve, M-mode ventricular motion curve, 2D or
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M-mode aortic motion curve, aortic forward Doppler blood
flow signal, 2D or M-mode peripheral artery motion curve,
and peripheral arterial Doppler flow signal.

24. The method according to claim 23, wherein the
processing module is configured to obtain at least one
selected from a group consisting of: cardiac ejection frac-
tion, left ventricular fractional shortening, stroke volume,
cardiac output, cardiac index, left ventricular end-diastolic
volume, and left ventricular end-systolic volume, which are
calculated according to the blood flow parameter.

25. The method according to claim 23, wherein the
processing module is configured to obtain at least one
selected from a group consisting of: ventricular diameter,
ventricular volume, M-mode curve rising speed and accel-
eration, which are calculated according to the blood flow
parameter.

26. The method according to claim 24, wherein the
myocardial mechanic parameter is selected from a group
consisting of: duration from aortic valve closure to starting
point of arterial blood pressure (ABP) waveform ascending
branch, aortic waveform variability weighed by ventricle
stroke volume variability, slope of the ascending branch of
ABP waveform regressed by M-mode curve rising speed,
slope of the ascending branch of ABP waveform regressed
by aortic forward blood flow velocity, X-axis intercept of
left ventricular end-systolic pressure-volume relation line,
and systolic maximum elastance.

27. The method according to claim 26, wherein the
systolic maximum elastance is calculated by the following
formula: Emax=Pes/(Ves—Vop), where Emax is the systolic
maximum elastance; Pes is the end-systolic left ventricular
pressure; Ves is the left ventricular end-systolic volume; and
Vop 1s the X-axis intercept of left ventricular end-systolic
pressure-volume relation line.

28. The method according to claim 21, wherein the
display module is configured to display a plurality of display
windows, and the plurality of display windows are switch-
able for displaying numerical parameters, waveform, and
trend graph upon triggering of the operation panel.

29. The method according to claim 16, wherein the blood
pressure measuring module is at least one selected from a
group consisting of: aneroid sphygmomanometer, finger
sphygmomanometer, arterial catheter, and venous catheter
tube.

30. The method according to claim 16, further comprising
storing, by a storage module, the blood pressure parameter
and the blood flow parameter.
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