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(7) ABSTRACT

The present invention relates to A system for monitoring the
cardiovascular system using a heart sound, which comprises
a heart sound receiving means(100) for receiving a heart
sound(HS); DSP (Digital Signal Processor) module(200) for
converting the heart sound(HS) received from said heart-
sound receiving means(100) to a digital signal; and an arith-
metic section(300) for calculating phonocardiogram(PCG)
from the digital signal converted in the DSP module (200) and
calculating information related to a preload or information
related to a cardiac contractile force or information related to
a respiratory change.
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SYSTEMS FOR MONITORING THE
CARDIOVASCULAR SYSTEM USING A
HEART LUNG SOUND

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korean Patent
Application No. KR2014-0152009A, filed Nov. 4, 2014,
which is hereby incorporated by reference herein in its
entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to systems and meth-

ods capable of acquiring necessary data for the monitoring
and diagnosis of the cardiovascular system using a heart lung
sound.

[0004] 2. Description of the Related Art

[0005] In diagnosing anesthetized patients or seriously
affected patients, there is a need to monitor a number of data.
By using general monitoring devices currently available, the
patient’s electrocardiogram, blood pressure, end-tidal carbon
dioxide partial pressure, peripheral oxygen saturation and
body temperature can be generally monitored.

[0006] Although itis not generally monitored, a body fluid
content (total blood volume) (below, called “preload” having
the same or similar meaning) and a cardiac contractile force
can be included as clinically important data.

[0007] First, the preload will be described.

[0008] For trauma patients or patients undergoing surgery,
a rapid change in the blood volume within a short period of
time can occur due to bleeding out and the like. At this time,
the preload must be known in order to identify the presence or
absence of such a change. In other words, when the preload is
accurately identified in real time, an appropriate measure
such as blood transfusion or fluid infusion can then be taken.
Therefore, the preload can be said to be data directly related
to the patient’s health. Currently, basic monitoring data such
as blood pressure or oxygen saturation is acquired using
conventional monitoring devices, through which the preload
can be indirectly estimated. However, for example, since the
blood pressure may be normal until a considerable amount of
blood loss occurs, the accuracy is insufficient, thus making
effective real-time monitoring is difficult.

[0009] As another method for evaluating the preload,
“response to fluid administration” can be used. This has been
designed based on the fact that, if the blood volume of the
patient is insufficient upon fluid administration, there is a
response which causes an increase in the blood pressure. If
the blood pressure increases after the fluid administration,
there is a response (response(+)) and thus the preload will be
lowered. If there is no response (response(-)), the preload
will be sufficient. The response to fluid administration is a
method well-known for evaluating whether the blood volume
of the patient is appropriate. This is a concept designed to
predict the blood volume prior to administration because the
fluid administration itself may cause a harmful situation for
the patient.

[0010] Indices for completely predicting the response to
fluid administration have not been known to date. However, a
number of monitoring devices that have recently come into
the market have been developed in the direction of self-
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developing the indices representing a response to fluid admin-
istration and displaying them on the screen.

[0011] Next, the cardiac contractile force will be described.
[0012] Theblood pressure may be lowered even though the
preload is sufficient. This is because the cardiac contractile
force is insufficient. As a device for evaluating the cardiac
contractile force, only the echocardiography device is cur-
rently available. However, since the echocardiography device
requires a high skill level for operation and has difficulties in
continual monitoring, it is hard to conveniently use this
device in actual clinical practice.

[0013] Among the data monitoring devices for monitoring.
anesthetized patients or seriously affected patients, examples
of typical monitoring devices available in the market today
are as follows.

[0014] Vigilence® device (Edward Lifescience® com-
pany) measures various hemodynamic indices with a blood
dilution method, and particularly observes whether the car-
diac output (CO) increases by more than 10% to 15% due to
the fluid administration, thus assessing the condition of the
patient. In the case of using the indices of the aforementioned
responsiveness of fluid administration, a time delay can occur
because of body heat dilution time. Therefore, when a sudden
hemodynamic change occurs, the accuracy is low; particu-
larly, since a long conduit of the catheter penetrates into the
heart and mounts on a pulmonary artery, health risks may be
high.

[0015] Inthe case of Vigileo® device, e.g., another device
of Edward Lifescience® company, a stroke volume variation
(SVV) is calculated by acquiring the data in the arterial pres-
sure waveform measured in the radial artery and the like.
There is a disadvantage in that there is an invasive mounting
on ductus arteriosus. There are reports that there is a large
degree of error in situations where the administration of a
large amount of vasopressor drugs such as sepsis is required.
[0016] In the case of NICOM® device (Chita Medical®
company), the total blood volume is estimated based on a
change of impedance in the thorax measured by attaching the
electrical electrodes to the four corners of the thorax. The
present device has a fatal defect in that the accuracy is insuf-
ficient and the interference signal is applied by the use of an
electrocautery during operation.

[0017] In addition, devices for heart ultrasound measure-
ments are manufactured by Philips®, GE®, CardioQ®,
zonare® and the like, but they have difficulties in continual
monitoring, require a high skill level for operation and have a
limitation in providing data necessary for anesthetized
patients or seriously affected patients.

[0018] In short, the conventional devices have disadvan-
tages in that they use invasive methods to increase accuracy
and in that some devices not using the invasive methods have
low accuracy, require a high skill level for operation and have
difficulties in continual monitoring.

[0019] Therefore, there is a need to develop devices for
providing the preload and the cardiac contractile force when
applied to patients undergoing surgery or severe trauma
patients. In particular, there is a need to develop devices
capable of high accuracy while using a non-invasive method,
having an excellent continual monitoring capacity and pro-
viding the data irrespective of the skill level of an operator.
[0020] A review of the publications related to the present
invention will be described as follows.

[0021] U.S.Pat.No. 7,174,203 discloses a system for iden-
tifying the condition of the heart by continuously conducting
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measurements of the electrocardiogram data and heart sound
parameters and analyzing the hemodynamic condition. This
system has advantages in that it uses a non-invasive method,
but the preload and the cardiac contractile force are not pro-
vided and thus, it fails to acquire the data essentially required
for the procedures of the clinical diagnosis and treatment.
[0022] Non-patent document, the 2010 paper, “New Tem-
poral Features for Cardiac Disorder Classification by Heart
Sound” discloses an algorithm capable of identifying various
kinds of cardiac diseases by analyzing the heart sound data.
However, this simply identifies direct diseases of the heart,
particularly lesions of heart valves, and it fails to provide the
data for monitoring anesthetized patients or seriously
affected patients other than patients with basal heart diseases.
[0023] Japanese Patent No. 5,230,161 discloses a tech-
nique of diagnosing cardiac diseases by synchronizing the
heart sound data and the electrocardiogram data. Likewise,
this fails to provide the data for monitoring anesthetized
patients or seriously affected patients other than patients with
basal heart diseases.

PRIOR ART DOCUMENTS
[0024] U.S. Pat. No. 7,174,203
[0025] Japanese Patent No. 5,230,161
[0026] Gwak-Cheol, Gwon-Ohuk, “New Temporal Fea-

tures for Cardiac Disorder Classification by Heart Sound”,
Journal of the Acoustical Society of Korea, Vo1.29. No. 2,
pp.133~140, 2010.

SUMMARY
[0027] The present invention solves the above-mentioned
problems.
[0028] More specifically, an objective of the present inven-

tion is to acquire hemodynamic data by a non-invasive
method, particularly to acquire the data related to a preload
and a cardiac contractile force.

[0029] Another objective of the present invention is to pro-
vide a system capable of increasing the accuracy and the
continual monitoring capacity and at the same time allowing
a real time monitoring.

Technical Solution

[0030] In orderto accomplish the above-mentioned objec-
tives, one embodiment of the present invention provides a
system for monitoring the cardiovascular system using a heart
sound, which comprises a heart sound receiving means(100)
for receiving a heart sound(HS); DSP (Digital Signal Proces-
sor) module(200) for converting the heart sound(HS)
received from said heart-sound receiving means(100) to a
digital signal; and an arithmetic section(300) for calculating a
phonocardiogram(PCG) from the digital signal converted in
the DSP module (200) and calculating information related to
a preload or information related to a cardiac contractile force
or information related to a change in the respiratory system.
[0031] Also, the arithmetic section(300) preferably calcu-
lates as a trend at least one of the information related to the
preload, the information related to the cardiac contractile
force and the information related to a change in the respira-
tory system.

[0032] Moreover, the arithmetic section(300) calculates a
time and amplitude of a first heart sound(S1) and a time and
amplitude of a second heart sound(S2) in the above calculated
phonocardiogram(PCG), and the arithmetic section (300)
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preferably calculates a systolic time interval(STT) using the
difference between the time of the first heart sound(S1) and
the time of the second heart sound(S2).

[0033] Further, the arithmetic section(300) calculates the
systolic time variation(STV) in accordance with a predeter-
mined method utilizing the above calculated systolic time
interval(STI), and the information related to the preload is
preferably the calculated phonocardiogram(PCG) and the
systolic time variation (STV).

[0034] Further, the arithmetic section (300) calculates an
electromechanical activation time (EMAT) using the above
calculated phonocardiogram (PCG) and electrocardiogram
(ECG), and the information related to the cardiac contractile
force preferably the said electromechanical activation time
(EMAT), the amplitude of the first heart sound(S1) and the
amplitude of the second heart sound(52).

[0035] Further, the arithmetic section (300) calculates pref-
erably an amplitude conversion ratio using the amplitude of
the first heart sound (S1) and the amplitude of the second
heart sound(S2).

[0036] Further, the arithmetic section (300) calculates pref-
erably the four different treatment information for each case
based on whether the systolic time interval (STI) exceeds a
predetermined value (A) or whether the amplitude conversion
ratio exceeds a predetermined other value (B)

[0037] Further, the four different treatment information
refers to a first, second, third and fourth treatment informa-
tion. Preferably, the above arithmetic section (300) calculates
the first treatment information when the systolic time interval
(STI) exceeds a predetermined value (A) and the amplitude
conversion ratio does not exceed a predetermined other value
(B); calculates the second treatment information when the
systolic time interval (STT) exceeds a predetermined value(A)
and the amplitude conversion ratio exceeds a predetermined
other value(B); calculates the third treatment information
when the systolic time interval(STI) does not exceed a pre-
determined value(A) and the amplitude conversion ratio
exceeds a predetermined other value(B); and calculates the
fourth treatment information when the systolic time interval
(STI) does not exceed a predetermined value(A) and the
amplitude conversion ratio does not exceed a predetermined
other value(B).

[0038] When diagnosing hemodynamically unstable
patients on the basis of such information and determining the
direction of a treatment, the four treatment informations are
directly useful for choosing a cardiotonic agent administra-
tion, a vasoconstrictor administration, a fluid administration
or a combined administration thereof.

[0039] Further, preferably, the above predetermined value
(A) is 300 to 310 ms, and the above predetermined other
value(B) is 15%.

[0040] Further, the heart sound receiving means (100) is
preferably a microphone mounted in the esophagus stetho-
scope(P).

[0041] Further, the DSP module (200) comprises prefer-
ably a preamplifier(210) for amplifying the heart sound (HS)
received from the heart sound receiving means (100); and
filtering means for filtering the heart sounds amplified by the
preamplifier (210).

[0042] Further, the filtering means (220) comprises prefer-
ably ADC (221) for converting the amplified heart sounds
into a digital signal; and a BPF (222) for performing band-
pass filtering of the converted digital signal.
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[0043] Further, the BPF (222) performs preferably a band-
pass filtering using a frequency band of 8~1000 Hz.

[0044] Further, the arithmetic section (300) calculates pref-
erably the phonocardiogram(PCG) by performing a Hilbert
transform of the digital signal.

[0045] Further, the system for monitoring the cardiovascu-
lar system using a heart sound further includes preferably an
output section(400) for outputting information related to a
preload or information related to a cardiac contractile force
calculated from the above arithmetic section (300).

[0046] Further, the output section(400) further includes
preferably a display unit (410) capable of displaying infor-
mation related to a preload or information related to a cardiac
contractile force calculated from the above arithmetic section
(300); and a speaker (420) capable of sound-outputtng the
heart sound (HS) received from the heart sound receiving
means(100).

[0047] In addition, the phonocardiogram(PCG) that is cal-
culated by the DSP module (200) shows its change of time as
the X-axis. Itis desirable to identify whether the frequency of
the phonocardiogram (PCG) deviates from the range of 320-
340 Hz upon expiration or whether the frequency deviates
from the range of 210-230 Hz upon expiration.

Advantageous Effects

[0048] According to the present invention, data which
could not be acquired by the prior art or which estimated a
preload and a cardiac contractile force with a low accuracy,
and data about a change in the respiratory system, can now be
acquired with a very high accuracy.

[0049] In particular, when using a heart sound (HS), the
system of the present invention is configured so as not to be
affected by the lung sound, thus increasing the accuracy, and
a separate invasive method is not required due to application
to an existing tracheal intubation patient.

[0050] Regarding accuracy, as will be described in the veri-
fication experiments below, the AUC value for the ROC curve
analysis has been demonstrated as 0.900. This proves that the
accuracy is strongly increased as compared with the AUC
value of the conventional CVP which is 0.706.

[0051] Moreover, any other type of data can he associated
together and displayed on the monitor. In other words, infor-
mation related to the preload and the cardiac contractile force
which can be seen through the present invention can be dis-
played together with information that can acquire from a
conventional general device. Therefore, it is possible to con-
vey the accurate and effective information to the operating
surgeon in real time.

[0052] Further, various treatment information can be accu-
rately provided in real time by utilizing the value of the
systolic time interval(STI) and the amplitude conversion ratio
thereof.

[0053] In addition, as will be described in the validation
experiment(4) below, it is possible to monitor in advance a
minimal change in the respiratory system which could not be
monitored by the electrocardiogram, end-tidal carbon diox-
ide partial pressure and airway pressure. Therefore, the
present invention is a great help in preventing the occurrence
of respiratory complications.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1isa schematic diagram of a system for moni-
toring the cardiovascular system using a heart sound accord-
ing to the present invention.

[0055] FIG. 2is a graph explaining a method for calculating
the phonocardiogram(PCG) by a Hilbert transform.

[0056] FIG. 3 is a diagram showing an embodiment of an
output section of the system for monitoring the cardiovascu-
lar system using a heart sound according to the present inven-
tion.

[0057] FIG. 4 is a flowchart illustrating a method for cal-
culating the information using the heart sound (HS) in the
system for monitoring the cardiovascular system using a heart
sound according to the present invention.

[0058] FIG. 51s a schematic view explaining a method for
calculating the treatment information in the system for moni-
toring the cardiovascular system using a heart sound accord-
ing to the present invention.

[0059] FIG. 6 is a diagram illustrating information that can
be obtained by utilizing the system for monitoring the cardio-
vascular system using a heart sound according to the present
invention together with the electrocardiogram (ECG).
[0060] FIGS. 7a and 75 are graphs showing the results of
the verification experiment (1) which verifies the correlation
between the phonocardiogram (PCG) and the pulse.

[0061] FIG. 8 is a ROC curve showing the result of the
verification experiment (2) which verifies the system for
monitoring the cardiovascular system using a heart sound
according to the present invention.

[0062] FIG. 9 shows images in which the results of the
verification experiment (3) which verifies the system for
monitoring the cardiovascular system using a heart sound
according to the present invention are taken by those indi-
cated by a display device which is one example of the output
section.

[0063] FIGS. 10a through 10c show the results of the veri-
fication experiment (4) which verify the system for monitor-
ing the cardiovascular system using a heart sound according
to the present invention.

[0064] FIGS. 11a and 115 show the results of the verifica-
tion experiment (5) which verifies the system for monitoring
the cardiovascular system using a heart sound according to
the present invention.

DETAILED DESCRIPTION
[0065] 1. Explanation of Terms
[0066] ECG: Electrocardiogram
[0067] SVV: Stroke Volume Variation
[0068] HS: Heart Sound or Heart Lung Sound
[0069] PCG: Phonocardiogram
[0070] PP: Pulse Pressure(mmHg)
[0071] STI: Systolic Time Interval, S1-S2 Interval (ms)
[0072] STV: Systolic Time Variation (no unit)
[0073] S1, S2: First heart sound, second heart sound
[0074] ROC curve: Receiver-Operating Characteristic

Curve; In order to verify the efficiency of particular diagnos-
tic methods, a plot of a hit probability, i.e., sensitivity as the
Y-axis versus its false alarm probability, i.e., 1-specificity as
the X-axis.

[0075] AUC value: Area Under Curve value (no unit)
[0076] EMAT: Electromechanical Activation Time (ms)
[0077] LVST: Left ventricular systolic time (ms)
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[0078] Trend: The degree of variation in the particular
value is displayed on the basis of the time and value. For
example, a graph showing an electrocardiogram (ECG) and
the like.

[0079] DSP: Digital Signal Processor

[0080] ADC: Analog to Digital Converter.

[0081] BDF: Band Pass Filter

[0082] 2. Description of the Concept of the Present Inven-
tion

[0083] The present invention is based on the fact that the

phonocardiogram (PCG) is not, a direct index representing
the preload, but when this is processed in an appropriate
manner, it can be used as a measure for representing the
preload.

[0084] Heart sound (HS) is produced by the movement of
the valve and the dynamic motion of the blood flow according
to the contraction and relaxation of the atrium and ventricles.
Therefore, we have acquired the heart sound using a tradi-
tional stethoscope and then attempted to use it as information
useful for medical practice, but there is a drawback in that it
is subjective for every operating surgeon and the accuracy is
low.

[0085] In an attempt to overcome these drawbacks, the
present invention utilizes the phonocardiogram (PCG)
acquired through the heart sound (HS). The phonocardiogram
(PCG) displays the heart sound (HS) in a visual form and
shows a graph including the frequency and amplitude. How-
ever, the problems are how to remove a noise which can be
inevitably included in the heart sound (HS) and how to extract
useful information from the digital signal in which the noise
is removed.

[0086] There is no objection to the point that the phonocar-
diogram (PCG) accurately reflects the function and hemody-
namic status of the heart. In particular, the present invention
relates to an important concept in that, among them, the
systolic time interval (STI) is an index related to the preload
of the patient. This is due to the principle of “the higher the
blood volume in the ventricle, the more time is spent to
remove it”.

[0087] By analyzing the phonocardiogram (PCG), the first
heart sound (S1) and the second sound (S2) can be confirmed.
The time difference between the first heart sound (S1) and the
second heart sound (S2) (S1 and S2 Interval) is the systolic
time interval (STT), and there are two reasons why the systolic
time interval (STT) is an index related to the preload.

[0088] Firstly, the first heart sound (S1) is able to listen in
relation to the closure of the atrioventricular valve and contain
the following four components. When the first contraction of
the ventricle movement blood volume toward the atrium is
made, the first vibration occurs and the atrioventricular valve
is closed. The second component is made by a sudden tension
of the closed atrioventricular valve. The third component
indicates the vibration of blood flow between the aortic root
and the ventricular wall. The fourth component is associated
with the vibration due to the flow of blood in the inside of the
large blood vessels.

[0089] Secondly, the second heart sound (S2) indicates the
end of cardiac contractions and the beginning of the heart
relaxation and it is able to listen at the closing time of the
aortic and the pulmonary valve. The second heart sound (S2)
is the result of vibration of the cardiovascular system by
decelerating and reversing the flow of blood to the inside of
the pulmonary artery and the aortic.
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[0090] Accordingly, the systolic time interval (STT) which
is the time difference between the first heart sound (S1) and
the second heart sound (82) can be an index related to the
preload. In this regard, through the opening and closing time
interval of the both valves, it can be conceived that the blood
must be discharged to the left ventricular outlet of the same
area and thus, the greater the amount of blood that remains in
the heart during the core cycle, the more time is required. In
particular, it has been confirmed from the validation experi-
ment (1) below that the systolic time interval (ST1) is very
closely related to the pulse pressure (PP). Thus, it can be said
to demonstrate this.

[0091] In the following, as described above, the particular
system of the present invention for acquiring the phonocar-
diogram (PCG) with a high accuracy, and the specific calcu-
lation method of the present invention for extracting clini-
cally useful information from the acquired phonocardiogram
(PCG) are described sequentially.

[0092] 3. Description of System

[0093] Referring to FIG. 1, the system for monitoring the
cardiovascular system using a heart sound according to the
present invention will be described.

[0094] The system for monitoring the cardiovascular sys-
tem using a heart sound according to the present invention
includes a heart sound receiving means (100), a DSP module
(200), an arithmetic section (300) and an output section (400).
[0095] The heart sound receiving means (100) may be a
microphone. The heart sound receiving means (100) can be
inserted in the body of patient (H) using another device, but it
is preferable to use the catheter type of esophageal stetho-
scope (P) which is previously inserted and mounted into the
esophagus of a patient (H). In other words, it is preferable to
mount a small microphone as a heart sound receiving means
(100) in esophagus stethoscope (P). Further, it is possible to
use the type in which a small microphone is attached to the
other sites in the outside end or the middle point of the heart
sound stethoscope.

[0096] Theheart sound receiving means (100) receives the
heart sound (HS) and transmits it to the DSP module (200).
[0097] The DSP module (200) includes a preamplifier
(210) and a filtering means (220).

[0098] The preamplifier (210) may be any type of amplifier
for amplifying the received heart sound (HS).

[0099] The filtering means (220) digitize the amplified
heart sound and at the same time filter it.

[0100] Specifically, the filtering means (220) include ADC
(221) and BPF (222).

[0101] ADC (200) converts the amplified heart sound,
namely an analog signal to a digital signal.

[0102] BPF (222) performs a band pass filtering of the
digital signal of the converted heart sound. At this time, it is
preferable to use a frequency band with a low frequency at 8
to 1000 Hz. This is because most of the noise which may be
collected by esophageal stethoscope (P) has ahigh frequency.
[0103] Preferred forms of DSP modules (200) are
described in the above, but specific circuits and the like are
well-known conventional techniques and so detailed descrip-
tion thereof is omitted.

[0104] The arithmetic section (300) calculates a variety of
information based on the digital signal of the heart sound
(HS) converted by the DSP module (200). The arithmetic
section (300) may be any terminal, such as a computer or a
server which have an information processing function. Using
acomputer is preferred because the DSP module (200) can be
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associated with the arithmetic section (300) using a USB
standard, and also other data from an electrocardiogram
(ECG) can be stored and processed together.

[0105] The arithmetic section (300) includes a Hilbert
transformer (310). an information calculation unit (320) and
a treatment information calculation unit (330).

[0106] The Hilbert transformer (310) performs a Hilbert
transform of a digital signal transmitted from the DSP module
(200) to calculate the phonocardiogram (PCG). The Hilbert
transform itself is a conventional technique and so detailed
description thereof is omitted. The upper graph in FIG. 2
shows a digital signal before the Hilbert transform in blue,
and the lower graph in FI1G. 2 shows a digital signal after the
Hilbert transform in red. As shown in FIG. 2, when the Hilbert
transform is performed, the phonocardiogram (PCG) is cal-
culated and so the time and amplitude of the first heart sound
(S1), and the time and amplitude of the second heart sound
(82) can be easily confirmed. Further, the interval between the
first heart sound (S1) and the second heart sound (S2) (§1-S2
Interval) is calculated in real time as the systolic time interval
(STD).

[0107] The information calculation unit (320) calculates a
clinically useful information using the phonocardiogram
(PCG). The specific calculation method is described below.

[0108] The treatment information calculation unit (330)
calculates the information calculated by the information cal-
culation unit (320); specifically, it calculates the treatment
information using the systolic time interval (STI) and the
amplitude conversion ratio. The specific calculation method
is described below.

[0109] The output section (400) outputs the information
calculated by the information calculation unit (320) and the
treatment information calculated by the treatment informa-
tion calculation unit (330).

[0110] The output section (400) includes a display unit
(410) for visually outputting information and a speaker (420)
for outputting a sound. The necessary information can be
printed using a printer (not shown), and be associated with the
electronic medical record server (not shown) and then the
corresponding data is transmitted thereto.

[0111] Meanwhile, the output section (400) can be associ-
ated with another other information collecting module (500)
and outputted together with other information in addition to
the information calculated by the system according to the
present invention. For example, it is associated with the elec-
trocardiogram device and outputted together with the elec-
trocardiogram (ECG).

[0112] FIG. 3 illustrates one embodiment of an output sec-
tion (400). The trend of the heart sound (HS) is shown in the
area “10”, the trend of the phonocardiogram (PCG) is shown
in the area “30”, and the electrocardiogram (ECG) obtained in
the electrocardiogram device, one of the other information
collection means (500), is shown in a region “50”. Further, the
value of the systolic time interval (STT) is shown in the area
“317, the amplitude conversion ratio (ROA) is shown in the
area “32”, and the pulse pressure (PP) is shown in the region
“33”. Moreover, different treatment information calculated
by the treatment information calculation unit (320) is classi-
fied and shown in the area “34”. In particular, regarding the
treatment information, as shown, it is preferable to output the
information in the form of “2x2,”, which is intended to pro-
vide the treatment information visually as described below
with reference to FIG. 5.
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[0113] Meanwhile, the speaker (420) outputs heart sound
(HS) received from the heart sound receiving means (100)
into a voice or outputs the heart sound amplified and modu-
lated by the preamplifier (210) into a voice, and thus the
operating surgeon can listen the voice directly, if desired.
[0114] 4. Description of the Calculation Method

[0115] Next, the method of calculating information using
the system according to the present invention is described
with reference to FIG. 4.

[0116] STI

[0117] Forexample, the heart sound receiving means (100),
a small microphone, receives a heart sound (HS) (§100). The
heart sound (HS) received by the heart sound receiving means
(100) is transmitted to the preamplifier (210) of the DSP
module (200) and then amplified.

[0118] The amplified heart sound (HS) (S210) is a digital
signal (S221) via ADC (221). The digital signal (S221) per-
forms a band pass filtering in EDF (222). As previously
described, it is desirable to perform the filtering using a fre-
quency band with a low frequency at 8~1000 Hz.

[0119] The noises such as a lung sound or a fricative sound
in digital signals are removed by such filtering. The signal
(5222) from which noise has been removed is transmitted to
Hilbert transformer (310).

[0120] The Hilbert transformer (310) performs Hilbert
transform of the signal (8222) from which noises have been
removed, thus calculating the phonocardiogram (PCG). As
previously described, if the Hilbert transform is performed,
the phonocardiogram (PCG) s calculated, and so the time and
amplitude of the first heart sound (S1), and the time and
amplitude of the second heart sound (S2) are confirmed.
Further, the interval between a first heart sound (S1) and a
second heart sound (S2) (S1-S2 Interval) is calculated as a
systolic time interval (STT) (S310).

[0121] As described in detail in the validation experiment
(1) below, the present inventors have found that the systolic
time interval (STT) is very similar to the pulse pressure (PP)
measured in an invasive manner in the lumbar artery and has
a close change pattern. Typically, the operating surgeon can
determine the hemodynamic status, such as the preload, by
analyzing the pulse pressure value or change pattern mea-
sured in an invasive manner. Therefore, since the systolic time
interval (STT) accurately reflects the pulse pressure, it is pos-
sible to calculate a variety of treatment information on the
basis of whether the interval exceeds a predetermined value
(A).

[0122] Amplitude conversion ratio and treatment informa-
tion The amplitude conversion ratio (S331) can be confirmed
by comparing an amplitude of the first heart sound (51) with
an amplitude of the second heart sound (S2). The amplitude
conversion ratio is used together with the systolic time inter-
vals (STI) having a change pattern similar to the pulse pres-
sure (PP) or as the reference for determining respective sepa-
rate treatment information (S332).

[0123] Thatis, as shownin FIG. 5, whether the systolic time
interval (STI) exceeds a predetermined value (A) is set to a
first reference, and whether the amplitude conversion ratio
exceeds a predetermined other value (B) is set to a second
reference. Thus, it is possible to obtain the four different
treatment information for each case.

[0124] The four treatment informations can be referred to
as a first, second, third, and fourth treatment information.
[0125] Herein, the first treatment information is a “cardio-
tonic agent administration™; the second treatment informa-
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tion is a “vasoconstrictor administration”; and the third treat-
ment information may be a “fluid administration”. The fourth
treatment information is in a state where the systolic time
interval (STI)is low and the amplitude conversion ratio is also
low and thus, it may be a “combined administration of car-
diotonic agent and fluid” which combines the first treatment
information with the third treatment information.

[0126] If the treatment information is calculated in this
way, each of the information is outputted differently via the
output section (400). For example, each of the information
can be represented in different colors and outputted in a
button form, or it can output the reference number itself of the
systolic time interval (STT) in a different color.

[0127] STV

[0128] The systolic time variation (STV) can be calculated
using the phonocardiogram (PCG). The systolic time varia-
tion (STV) is calculated by the difference between the maxi-
mum value (STmax) and the minimum value (STmin) of the
phonocardiogram value with respect to the average (STmean)
of the phonocardiogram value (i.e., the value of the ampli-
tude) for a predetermined cardiac cycle, for example for 5 to
15 cycles. This is explained by the following formula (1).
[0129] Meanwhile, the systolic time variation (STV) is
information related to the preload together with the systolic
time variation. (STV) as previously described.

STngx = STin
N Tmzan

STV = [Formula 1]

[0130] Meanwhile, the information related to such preload
1s graphically calculated as a trend and the user’s readability
can be increased.

[0131] EMAT

[0132] As shown in FIG. 6, if the phonocardiogram (PCG)
acquired according to the present invention is calculated
together with the electrocardiogram (ECG), avariety of infor-
mation can be calculated. That is, collecting the electrocar-
diogram (ECG) from the other information collection module
(500) allows calculation of various information.

[0133] For example, the electromechanical activation time
(EMAT) can be acquired based on the interval between the Q
wave and the first heart sound (S1) on the graph of an elec-
trocardiogram (ECG).

[0134] Thus, the electromechanical activation time
(EMAT) is first established as additional information related
to the cardiac contractile force together with the amplitude of
the first heart sound (S1) and the amplitude of the second
heart sound (S82) which have been calculated first.

[0135] Meanwhile, the information related to such cardiac
contractile force may also be graphically calculated as a trend
and so the user’s comprehension can be increased.

[0136] 5. Verification Experiment
[0137] Verification Experiment (1)
[0138] Based on the data stored on the electronic medical

record with a sampling frequency at 1000 Hz during opera-
tion, the systolic time interval (STT) was calculated. The pulse
pressure (PP) was extracted from the invasive arterial pres-
sure simultaneously recorded in the same record, and com-
pared with the calculated systolic time interval (STI).
[0139] FIG. 7a is a graph shown by setting the systolic time
interval (STT) as the Y-axis and the pulse pressure (PP) as the
X-axis, and confirms that there is a correlation between them
and that it shows a similar change pattern in real time.
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[0140] FIG. 7b is a graph shown to confirm the change
pattern. The result of the analysis confirmed that the correla-
tion is high at a median value r=0.77 of Pearson correlation
coefficient.

[0141] Thus, it was confirmed that the systolic time interval
(STI) is an effective index showing the pulse pressure (PP). It
was also proven that it is effective to provide the treatment
information uing the systolic time intervals (STI) as previ-
ously described.

[0142] Verification Experiment (2)

[0143] Inthe situation where hypovolemia is clinically sus-
pected under operation, when 500 ml of 5% albumin was
administrated to 18 patients, the ROC curve analysis was
performed in order to predict the response to fluid adminis-
tration.

[0144] If the cutoff value was set to STI=308 ms, the AUC
value of the systolic time interval (STT) for the response to
fluid administration was 0.825 and the AUC value of the
systolic time variation (STV) was 0.900 (see Table 1 and FIG.
8).

[0145] This was a significantly high value as compared
with the static index, i.e., CVP (Central Venous Pressure) or
PCWP (Pulmonary Capillary Wedge Pressure), or the
dynamic index, i.e., PPV (Pulse Pressure Variation) or SVV
(Stroke Volume Variation).

TABLE 1
Standard 95% Confidence
AUC Error P value* Interval
CVP 0.706 0.128 0.255 0.449 to 0.892
PCWP 0.712 0.127 0.209 0.455 to 0.896
PPV 0.512 0.141 0.729 0.271t0 0.750
SVvV 0.475 0.140 0391 0.240t0 0.718
STI 0.825 0.0997 0.012 0.576 t0 0.958
STV 0.900 0.0815 0.007 0.667 to 0.986
[0146] Therefore, it was confirmed that the systolic time

intervals (STI) or the systolic time variation (STV) has a high
distinction ability for the hypovolumia. In other words, it was
confirmed that the preload of the patient could he estimated
with a high accuracy.

[0147] Further, it was concluded through the above that the
cutoff value STI=308 ms is suitable for use as a reference
value for the fluid administration. Here, it is preferable to set
the cutoff value to 308 ms in order to maintain the proper
ALTO values. Through numerous experiments, it was con-
firmed that it is preferable to set the cutoff value in the range
of 300~310 ms. In other words, it was confirmed that the
predetermined value (A) of the systolic time interval (STI) as
the standard for the treatment information acquirement as
described with reference to FIG. 5 was preferably 300 to 310
ms.

[0148] Verification Experiment (3)

[0149] The information about the cardiac contractile force
was basically calculated as compared with the amplitude
variation of the heart sound during a particular period of time.
The results of the verification experiment thereon are as fol-
lows.

[0150] As shown in FIG. 9, in case where the blood pres-
sure is elevated due to an increase in the cardiac contractile
force, it could be confirmed that the amplitude of the phono-
cardiogram was increased simultaneously. On the other hand,
in the case where the blood pressure is elevated due to an
increase in the peripheral vascular resistance, the amplitude
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of the phonocardiogram is not changed and only the blood
pressure is elevated. Further, in the case where the blood
pressure is lowered due to a reduction in the cardiac contrac-
tile force, it could be confirmed that the amplitude of the
phonocardiogram decreases at the same time.

[0151] Thus, in order to clinically confirm the information
about the cardiac contractile force, the amount of change of
the amplitude at the particular point of time as well as during
a specified period of time before and after the confirmation
must be able to be checked numerically and visually. The
amount of change in such cardiac contractile force can be
monitored by presenting the absolute value of the heart sound
amplitude as well as its relative change amount (%). There-
fore, it was confirmed through the present experiment that it
is possible to draw information related to the cardiac contrac-
tile force using the system for monitoring the cardiovascular
system using a heart lung sound in accordance with the
present invention.

[0152] Verification Experiment (4)

[0153] EachofA, B, Cand D in FIGS. 10q and 105 are the
extended electrocardiogram (ECG), the phonocardiogram
(PCG), end-tidal carbon dioxide partial pressure (ETCO2),
and the airway pressure (PAW). Herein, the phonocardiogram
(PCG), of “B” is a unique result which is confirmed by the
system according to the present invention.

[0154] In FIG. 10q, the patients are patients with an accu-
mulation of secretions in the trachea. FIG. 10a shows the
result of the measurement before the complications occur.
The singularity cannot be confirmed from the electrocardio-
gram and end-tidal carbon dioxide partial pressure. The aitr-
way pressure is 20 cm H2O which suggests that there is
resistance in the respiratory system. However, those values
are not high and so clear identification is difficult.

[0155] However, as the measurement results of the phono-
cardiogram (PCG) according to the invention, the intermit-
tent high frequency noise is identified at the interval of about
6-8 seconds, and so it was possible to suspect singularity.
[0156] Thus, it can be seen that it is possible to identify
respiratory patients which were difficult to be confirmed by
the electrocardiogram, the end-tidal carbon dioxide partial
pressure and the airway pressure.

[0157] FIG. 105 shows the measurement in the course of
suctioning the secretion of the patient in FIG. 10¢ with a
negative pressure device. Herein, the electrocardiogram, end-
tidal carbon dioxide partial pressure (ETCO2), and the airway
pressure (PAW) do not show particular differences, but it
could be confirmed that the phonocardiogram (PCG) accord-
ing to the present invention can confirm the differences.
[0158] FIG. 10¢ shows the result of the measurement of the
patients in which secretion of the patient in FIG. 105 has been
removed. It could be confirmed that the measurement result
of the phonocardiogram (PCG) was returned to normal.
[0159] Through the above verifications, it was confirmed
that it is possible to provide useful information which is
difficult to be confirmed by the electrocardiogram, end-tidal
carbon dioxide partial pressure (ETCO2), and the airway
pressure (PAW).

[0160] In particular, it was confirmed that it is possible to
screen in advance a minimal change in the respiratory system.
That 1s, it was confirmed through the present experiment that
the phonocardiogram (PCG) allows calculation of informa-
tion related to the preload or information related to the cardiac
contractile force or information related to a change of the
respiratory system.
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[0161] This is because the phonocardiogram (PCG) regu-
larly occurs according to the respiratory cycle; a high fre-
quency is generated in response to vibrations being occurring
when there is a secretion; and further such high frequency is
intermittent only when the direction and speed of air move-
ment are generated in certain cases.

[0162] Tt was confirmed that the frequency of the phono-
cardiogram (PCG) in a normal breathing state is within the
range 0f 320 to 340 Hz and that the frequency upon expiration
is within the range 0f 210 to 230 Hz. Therefore, based on that
the phonocardiogram (PCG) measured using the system
according to the present invention deviates from the above
range, the specificity will be confirmed, through which early
screening of a minimal change in the respiratory system is
possible.

[0163] Verification Experiment (5)

[0164] FIGS. 11a and 116 show the electrocardiogram
(ECG), the blood pressure (invasive measurement) and the
phonocardiogram (PCG) of the patients administrated with a
cardiac contractor, respectively, in turn, in accordance with
the present invention.

[0165] FIG. 115 is an enlarged view of the time scale in
FIG. 11a. It can be seen that the magnitude is not only
increased gradually, but also the change of the blood pressure
measured invasively and the phonocardiogram (PCG) corre-
spond to a ratio of 1:1. In particular, it can be seen that the
amplitude of the phonocardiogram (PCG) is sensitively
changed even in a minimal change of the blood pressure.
[0166] By this verification experiment, it can be seen that a
change of the preload and the cardiac contractile force is
reflected in real time in the phonocardiogram (PCG).

[0167] In the above, the present invention has been
described with reference to preferred embodiments, butit will
be understood to a person having ordinary skill in the art that
various changes and modifications are made to the present
invention without departing from the spirit and scope of the
present invention described in the claims below.

DESCRIPTION OF REFERENCE NUMERALS

[0168] 100: heart sound receiving means
[0169] 200: DSP (Digital Signal Processor) module
[0170] 210: Preamplifier
[0171] 220: filtering means
[0172] 221: ADC (Analog to Digital Converter)
[0173] 222: BDF (Band Pass Filter)
[0174] 300: Arithmetic section
[0175] 310: Hilbert transformer
[0176] 320: Information calculation unit
[0177] 330: Treatment information calculation unit
[0178] 400: Output section
[0179] 410: Display unit
[0180] 420: Speaker
[0181] 500: Other information collection module
1. A system for monitoring the cardiovascular system using
a heart sound, which comprises:

a heart sound receiving means (100) for receiving a heart
sound (HS); DSP (Digital Signal Processor) module
(200) for converting the head sound (HS) received from
said heart-sound receiving means (100) to a digital sig-
nal; and

an arithmetic section (300) for calculating phonocardio-
gram (PCG) from the digital signal converted in the DSP
module (200) and calculating information related to a
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preload or information related to a cardiac contractile
force or information related to a respiratory change.
2. The system for monitoring the cardiovascular system
using a heart sound according to claim 1, wherein the arith-
metic section (300) calculates as a trend at least one of the
information related to the preload, the information related to
the cardiac contractile force and information related to a
change of the respiratory system.
3. The system for monitoring the cardiovascular system
using a heart sound according to claim 1, wherein the arith-
metic section (300) calculates a time and amplitude of a first
heart sound (S1) and a time and amplitude of a second heart
sound (82) in the above calculated phonocardiogram (PCG),
and the arithmetic section (300) calculates a systolic time
interval (STI) using the difference between the time of the
first heart sound (S1) and the time of the second heart sound
(82).
4. The system for monitoring the cardiovascular system
using a heart sound according to claim 3, wherein the arith-
metic section (300) calculates the systolic time variation
(STV) in accordance with a predetermined method utilizing
the above calculated systolic time interval (STT), and the
information related to the preload is the calculated phonocar-
diogram (PCG) and the systolic time variation (STV).
5. The system for monitoring the cardiovascular system
using a heart sound according to claim 3, wherein the arith-
metic section (300) calculates an electromechanical activa-
tion time (EMAT) using the above calculated phonocardio-
gram (PCG) and electrocardiogram (ECG), and information
related to the cardiac contractile force is the said electrome-
chanical activation time (EMAT), the amplitude of the first
heart sound (S1) and the amplitude of the second heart sound
(82).
6. The system for monitoring the cardiovascular system
using a heart sound according to claim 3, wherein the arith-
metic section (300) calculates an amplitude conversion ratio
using the amplitude of the first heart sound (S1) and the
amplitude of the second heart sound (S2).
7. The system for monitoring the cardiovascular system
using a heart sound according to claim 6, wherein the arith-
metic section (300) calculates the four different treatment
information for each case based on whether the systolic time
interval (STT) exceeds a predetermined value (A) or whether
the amplitude conversion ratio exceeds a predetermined other
value (B).
8. The system for monitoring the cardiovascular system
using a heart sound according to claim 7, wherein the four
different treatment informations are to a first, second, third
and fourth treatment information, and the above arithmetic
section (300):
calculates the first treatment information when the systolic
time interval (STI exceeds a predetermined value (A)
and the amplitude conversion ratio does not exceed a
predetermined other value (B);

calculates the second treatment information when the sys-
tolic time interval (STI) exceeds a predetermined value
(A) and the amplitude conversion ratio exceeds a prede-
termined other value (B);
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calculates the third treatment information when the sys-
tolic time interval (STI) does not exceed a predeter-
mined value (A) and the amplitude conversion ratio
exceeds a predetermined other value (B); and

calculates the fourth treatment information when the sys-
tolic time interval (STI) does not exceed a predeter-
mined value (A) and the amplitude conversion ratio does
not exceed a predetermined other value (B).

9. The system for monitoring the cardiovascular system
using a heart sound according to claim 7, wherein the said
predetermined value (A) is 300 to 310 ms, and the said pre-
determined other value (B) is 15%.

10. The system for monitoring the cardiovascular system
using a heart sound according to claim 1, wherein the heart
sound receiving means (100) is a microphone mounted in the
esophagus stethoscope (P).

11. The system for monitoring the cardiovascular system
using a heart sound according to claim 1, wherein the DSP
module (200) comprises a preamplifier (210) for amplifying
the heart sound (HS) received from the heart sound receiving
means (100); and a filtering means for filtering the heart
sounds amplified by the preamplifier (210).

12. The system for monitoring the cardiovascular system
using a heart sound according to claim 11, wherein the filter-
ing means (220) comprise an ADC (221) for converting the
amplified heart sounds into a digital signal; and a BPF (222)
for band-pass filtering the converted digital signal.

13. The system for monitoring the cardiovascular system
using a heart sound according to claim 12, wherein the BPF
(222) performs a band-pass filtering using a frequency band
of 8 to 1000 Hz.

14. The system for monitoring the cardiovascular system
using a heart sound according to claim 1, wherein the arith-
metic section (300) calculates the phonocardiogram (PCG)
through the Hilbert transform of the digital signal.

15. The system for monitoring the cardiovascular system
using a heart sound according to claim 1, wherein the system
for monitoring the cardiovascular system using a heart sound
further includes an output section (400) for outputting infor-
mation related to a preload or information related to a cardiac
contractile force calculated from the above arithmetic section
(300).

16. The system for monitoring the cardiovascular system
using a heart sound according to claim 15, wherein the output
section (400) further includes a display unit (410) capable of
displaying information related to a preload or information
related to a cardiac contractile force calculated from the
above arithmetic section (300); and a speaker (420) capable
of outputting the heart sound (HS) received from the heart
sound receiving means (100).

17. The system for monitoring the cardiovascular system
using a heart sound according to claim 1, wherein the phono-
cardiogram (PCG) calculated by the DSP module (200)
shows its change of time as the X-axis, and identifies whether
the frequency of the phonocardiogram (PCG) deviates from
the range of 320-340 Hz upon expiration or whether the
frequency deviates from the range of 210-230 Hz upon expi-
ration.
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