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(7) ABSTRACT

The present disclosure relates to a method, an apparatus and
a computer program for noninvasively determining a cause
of a blood pressure change. The method includes at least:
obtaining maximum amplitudes of heart sounds; monitoring
changes in the maximum amplitudes; estimating change
amounts of indexes on a myocardial contractile force and on
vascular resistance, based on increasing or decreasing of a
blood pressure of the patient, and the changes in the maxi-
mum amplitudes; and determining the cause of the blood
pressure change of the patient as an effect of at least one of
alpha action, alpha blockage, beta action and beta blockage,
based on results of the estimation of the first change amount
of the first index, the second change amount of the second
index and the third change amount of the third index.
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FIG. 1
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FIG. 2
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FIG. 3
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FIG. 4

Blood pressure drops?
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FIG. 5
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FIG. 6
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METHOD, APPARATUS AND COMPUTER
PROGRAM FOR NONINVASIVELY
DETERMINING CAUSE OF BLOOD

PRESSURE CHANGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of Inter-
national Patent Application No. PCT/KR2018/007050, filed
Jun. 22, 2018, which is based upon and claims the benefit of
priority to Korean Patent Application No. 10-2017-0079931,
filed on Jun. 23, 2017. The disclosures of the above-listed
applications are hereby incorporated by reference herein in
their entirety.

BACKGROUND

[0002] Embodiments of the inventive concept described
herein relate to a method of evaluating a cardiovascular
function, and more particularly, relate to a method, an
apparatus and a computer program for noninvasively deter-
mining a cause of a blood pressure change based on the heart
sounds of a patient.

[0003] Vasoactive drugs exhibit various physiological
effects, and even if they superficially show the same phe-
nomenon (e.g., an increase in blood pressure), the underly-
ing physiological effects may be different (e.g., an increase
in peripheral blood vessel resistance or an increase in
myocardial contractility).

[0004] In the state of invasive hemodynamic monitoring,
when alpha and beta agonists are administered, as the
systolic peak valve ring speed (8'), hourly ventricular pres-
sure change rate (dp/dt) and systemic vascular resistance
(SVR) increase together with the blood pressure, the dose
effect may be quantitatively confirmed. When an alpha
agonist is administered, the SVR and dp/dt increase simul-
taneously with an increase in blood pressure, but the S' does
not change significantly. When a beta blocker is adminis-
tered, dp/dt and S' decrease simultaneously with a slight
drop in blood pressure, but SVR does not change signifi-
cantly.

[0005] Accordingly, in a conventional clinic, the quanti-
tative effects of alpha agonists/blockers and beta agonists/
blockers are evaluated by simultaneously observing and

comprehensively analyzing changes in indexes such as S/,
dp/dt, and SVR.

[0006] However, because invasive arterial pressure mea-
suring equipment, a swan-ganz catheter and echocardiogra-
phy equipment, and the like are required to observe the
change of the indexes, and also because it is an invasive test
method, it is difficult in reality to simultaneously monitor
changes in the indexes in a clinic, despite its necessity.

[0007] Inaddition, even when observing and analyzing the
changes of the indexes at the same time, it is impossible to
quickly identify and cope with the cause of blood pressure
change because an arterial tube and a swan-ganz catheter
should be inserted. Even if the symptoms of blood pressure
changes are the same, it is very important to quickly identify
the cause of the blood pressure change because the treatment
policy varies depending on the cause.
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SUMMARY

[0008] Embodiments of the inventive concept provide a
method, an apparatus and a computer program for noninva-
sively determining a cause of a blood pressure change.
[0009] Objects of the inventive concept may not be limited
to the above, and other objects will be clearly understand-
able to those having ordinary skill in the art from the
following disclosures.

[0010] According to some embodiments, a method for
noninvasively determining a cause of a blood pressure
change, performed by a computer including a processor,
includes: obtaining heart sounds of a patient; obtaining a
first maximum amplitude of a first heart sound and a second
maximum amplitude of a second heart sound, from the
obtained heart sounds; monitoring a first change in the first
maximum amplitude and a second change in the second
maximum amplitude; estimating a first change amount of a
first index on a myocardial contractile force, a second
change amount of a second index on the myocardial con-
tractile force, and a third change amount of a third index on
vascular resistance, based on increasing or decreasing of a
blood pressure of the patient, a first change amount of the
first maximum amplitude, and a second change amount of
the second maximum amplitude of the second heart sound;
and determining the cause of the blood pressure change of
the patient as an effect of at least one of alpha action, alpha
blockage, beta action and beta blockage, based on results of
the estimation of the first change amount of the first index,
the second change amount of the second index and the third
change amount of the third index. In these embodiments, the
first heart sound corresponds to a closed sound of a mitral
valve or a tricuspid valve, and the second heart sound
corresponds to a closed sound of an aortic valve or a
pulmonary valve.

[0011] According to some other embodiments, an appara-
tus for performing a method for noninvasively determining
a cause of a blood pressure change, includes: an input port
configured to receive heart sounds; a processor configured to
perform operations including: obtaining a first maximum
amplitude of a first heart sound and a second maximum
amplitude of a second heart sound, from the received heart
sounds; monitoring a first change in the first maximum
amplitude and a second change in the second maximum
amplitude; estimating a first change amount of a first index
on a myocardial contractile force, a second change amount
of a second index on the myocardial contractile force, and a
third change amount of a third index on vascular resistance,
based on increasing or decreasing of a blood pressure of the
patient, a first change amount of the first maximum ampli-
tude, and a second change amount of the second maximum
amplitude of the second heart sound; and determining the
cause of the blood pressure change of the patient as an effect
of at least one of alpha action, alpha blockage, beta action
and beta blockage, based on results of the estimation of the
first change amount of the first index, the second change
amount of the second index and the third change amount of
the third index, a memory configured to store instructions for
performing the operations by the processor; and an output
port configured to output information about the determined
cause of the blood pressure change. In these embodiments,
the first heart sound corresponds to a closed sound of a
mitral valve or a tricuspid valve, and the second heart sound
corresponds to a closed sound of an aortic valve or a
pulmonary valve.
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[0012] According to some other embodiments, a computer
program, which is coupled to a processor and stored in a
medium, includes instructions for performing: obtaining
heart sounds of a patient; obtaining a first maximum ampli-
tude of a first heart sound and a second maximum amplitude
of a second heart sound, from the obtained heart sounds;
monitoring a first change in the first maximum amplitude
and a second change in the second maximum amplitude;
estimating a first change amount of a first index on a
myocardial contractile force, a second change amount of a
second index on the myocardial contractile force, and a third
change amount of a third index on vascular resistance, based
on increasing or decreasing of a blood pressure of the
patient, a first change amount of the first maximum ampli-
tude, and a second change amount of the second maximum
amplitude of the second heart sound; and determining the
cause of the blood pressure change of the patient as an effect
of at least one of alpha action, alpha blockage, beta action
and beta blockage, based on results of the estimation of the
first change amount of the first index, the second change
amount of the second index and the third change amount of
the third index. In these embodiments, the first heart sound
corresponds to a closed sound of a mitral valve or a tricuspid
valve, and the second heart sound corresponds to a closed
sound of an aortic valve or a pulmonary valve.

[0013] Other specific details of the inventive concept are
included in the detailed description and drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0014] The above and other objects and features will
become apparent from the following description with refer-
ence to the following figures, wherein like reference numer-
als refer to like parts throughout the various figures unless
otherwise specified, and wherein:

[0015] FIG. 1 is a flowchart illustrating a method of
noninvasively determining a cause of a blood pressure
change according to some embodiments of the present
disclosure;

[0016] FIG. 2 is a diagram illustrating hemodynamic
variables Sla and S2a;

[0017] FIG. 3isa flowchart illustrating detailed operations
of estimating a change amount in a table for estimating
change amounts of indexes related to myocardial contractile
force and vascular resistance when a blood pressure of a
patient increases;

[0018] FIG. 41is a flowchart illustrating detailed operations
of estimating a change amount in a table for estimating
change amounts of indexes related to myocardial contractile
force and vascular resistance when the blood pressure of the
patient decreases;

[0019] FIG. 5 is a graph illustrating a correlation between
Slaand a cardiac output according to some embodiments of
the present disclosure;

[0020] FIG. 6 is a graph illustrating a correlation between
S2a and SVR according to some embodiments of the present
disclosure; and

[0021] FIG. 7 is a block diagram illustrating an apparatus
for performing a method of noninvasively determining a
cause of a blood pressure change according to some embodi-
ments of the present disclosure.
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DETAILED DESCRIPTION

[0022] Advantages and features of embodiments of the
inventive concept, and method for achieving them will be
apparent with reference to the accompanying drawings and
detailed description that follows. But, it should be under-
stood that the inventive concept is not limited to the fol-
lowing embodiments and may be embodied in different
ways, and that the embodiments are given to provide com-
plete disclosure of the inventive concept and to provide
thorough understanding of the inventive concept to those
skilled in the art, and the scope of the inventive concept is
limited only by the accompanying claims and equivalents
thereof.

[0023] The terms used in the present disclosure are pro-
vided to describe embodiments, not intended to limit the
inventive concept. In the present disclosure, singular forms
are intended to include plural forms unless the context
clearly indicates otherwise. It will be further understood that
the terms “comprises,” and/or “comprising,” used herein,
specify the presence of stated elements, but do not preclude
the presence or addition of one or more other elements. In
the present disclosure, like reference numerals indicate like
elements, and the term “and/or” indicates each of the listed
components or various combinations thereof. Terms, such as
“first,” “second,” and the like, are for discriminating various
components. However, the scope is not limited to the above
terms. The above terms are used for discriminating one
component from another component. Therefore, the first
component mentioned below may be the second component
within the technical spirit of the inventive concept.

[0024] Unless otherwise defined, all terms used herein
(including technical or scientific terms) have the same
meanings as those generally understood by those ordinarily
skilled in the art to which the inventive concept pertains.
Such terms as those defined in a generally used dictionary
are not to be interpreted as having ideal or excessively
formal meanings unless defined clearly and specifically.
[0025] In the present disclosure, Sla and S2a mean the
first maximum amplitude of a first heart sound S1 and the
second maximum amplitude of a second heart sound S2,
respectively.

[0026] Systolic peak valve ring speed (S') refers to a
maximum speed of blood flow through a systolic valve ring.
Ventricular pressure change rate per hours (dp/dt) refers to
an instantaneous rate of change of left ventricular pressure
per hour. Systemic vascular resistance (SVR) refers to a
resistance to blood flow ejected from a left ventricle. Sys-
tolic blood pressure (SBP) refers to pressure applied on
systolic blood vessels. R-R peak Interval (RRI) refers to an
interval between R wavelengths in an electrocardiogram.
[0027] In the present disclosure, an alpha agonist means a
drug (e.g., phenylephrine, phenylpropanolamine, and the
like) that selectively stimulates an alpha receptor without
acting on a beta receptor. An alpha blocker refers to a drug
(e.g., phentolamine, tolazoline, phenoxybenzamine, and the
like) that blocks the action of neurotransmitters at the alpha
receptor. A beta agonist refers to a drug (e.g., isoprenaline,
and the like) that selectively stimulates a beta receptor
without acting on an alpha receptor. A beta blocker refers to
a drug (e.g., esmolol, propranolol, and the like) that blocks
the action of a neurotransmitter at the beta receptor.
[0028] In addition, an alpha action effect means an action
effect according to the stimulation of the alpha receptor. An
alpha blocking effect means the effect of blocking the action
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of neurotransmitters at the alpha receptor. A beta action
effect refers to an action effect of beta receptor stimulation.
A beta blocking effect refers to an effect of blocking the
action of neurotransmitters at a beta receptor.

[0029] Hereinafter, embodiments of the inventive concept
will be described in detail with reference to the accompa-
nying drawings.

[0030] FIG. 1 is a flowchart illustrating a method of
noninvasively determining a cause of a blood pressure
change according to some embodiments of the present
disclosure.

[0031] Referring to FIG. 1, a method of noninvasively
determining a cause of a blood pressure change according to
some embodiments includes operation S110 of obtaining
heart sounds from the esophagus of the patient, an operation
S130 of obtaining hemodynamic variables Sla and S2a from
the heart sounds, an operation S150 of monitoring changes
in Sla and S2a, an operation S170 of estimating the change
amounts of first and second indexes on myocardial contrac-
tile force and the change amount of a third index on vascular
resistance, based on increasing or decreasing of the blood
pressure of a patient, and the change amounts of Sla and
S2a, and an operation S190 of determining a cause of the
blood pressure change of the patient based on the estimation
result of the change amounts of the first to third indexes.
[0032] In operation S110, heart sounds according to some
embodiments are obtained from a stethoscope inserted into
the esophagus of a patient. In detail, in order to obtain heart
sounds, an intra-esophageal stethoscope may be used. By the
intra-esophageal stethoscope, the hard heart sounds of the
patient are obtained. Meanwhile, the heart sounds of the
patient may be obtained through other body parts (such as a
chest surface) other than the esophagus. In addition, the
heart sound of the patient may be obtained through the
processing of other types of acoustic signals obtained from
the patient. The scheme of obtaining the heart sound of a
patient is not limited to the illustrated schemes.

[0033] In some embodiments, the obtained heart sounds
are divided into a first heart sound and a second heart sound.
As described below, the first and second heart sounds
correspond to the closed sounds of the atrioventricular valve
(i.e., the tricuspid valve or the mitral valve) and the semi-
lunar valve (aortic valve or pulmonary valve), respectively.
[0034] Meanwhile, in some embodiments, an operation of
amplifying and analog-to-digital converting the heart sound
signals are further included in a method of the present
disclosure. In addition, in some embodiments, a filter is
applied to the digitally converted heart sound data for the
purpose of noise removal. For example, a 5-th order band
pass filter of 10 to 100 Hz and/or a 10-Hz low pass filter are
applied, but the embodiments are not limited thereto.
[0035] In some embodiments, a phonocardiogram (PCG)
is used as the heart sound signal, but the embodiments are
not limited thereto.

[0036] In operation S130, hemodynamic variable Sla is
derived from the first heart sound and hemodynamic vari-
able S2a is derived from the second heart sound. A scheme
of obtaining hemodynamic variables Sla and S2a will be
described in detail later with reference to FIG. 2.

[0037] In operation S150, the relative change amounts of
Sla and S2a are monitored. To this end, in some embodi-
ments, the waveform of the first heart sound signal is
converted into an absolute vale and the highest point of the
converted waveform is extracted. The first and second heart
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sound signals may be normalized based on the highest point
of 100%. By the normalization, the relative change amounts
of Sla and S2a may be monitored in percentage.

[0038] In operation S170, the first index on myocardial
contractility is the systolic peak valve ring speed (S'), and
the second index is the rate of ventricular pressure change
per hour (dp/dt). In addition, the third index on vascular
resistance is a systemic vascular resistance (SVR). When the
blood pressure of the patient increases or decreases, a
scheme of estimating the change amounts of S', dp/dt and
SVR based on the change amounts of Sla and S2a will be
described in detail with reference to FIGS. 3 and 4.

[0039] In operation S190, the cause of the blood pressure
change of the patient is determined based on the estimation
results of the change amounts of S', dp/dt and SVR. In some
embodiments, the cause of the blood pressure change of the
patient is classified into effects of an alpha action, an alpha
blockage, a beta action, a beta blockage, and the like. That
is, as the alpha receptor is selectively stimulated, the action
of the neurotransmitter at the alpha receptor is blocked, the
beta receptor is selectively stimulated or the action of the
neurotransmitter at the beta receptor is blocked, so that it is
determined that a change in the blood pressure of the patient
has occurred.

[0040] FIG. 2 is a diagram illustrating hemodynamic
variables Sla and S2a according to some embodiments of
the present disclosure.

[0041] Referring to FIG. 2, the hemodynamic variables
Sla and S2a are derived from the first and second heart
sounds, respectively.

[0042] The first heart sound S1 is a heart sound that is
generated during systole corresponding immediately after
the QRS wave of the electrocardiogram. The first heart
sound S1, which is a closed sound generated while the
atrioventricular valves (mitral valve and tricuspid valve) are
closed, is generally generated immediately after the QRS
wave, but is often generated before the QRS wave. The
second heart sound S2 is a heart sound that is generated
during diastole corresponding to a T-wave of the electrocar-
diogram. The second heart sound S2 is a closed sound
generated while the semilunar valves (aortic valve and
pulmonary artery valve) are closed. The first and second
heart sounds S1 and S2 are distinguished from each other
because the first heart sound S1 is relatively closed to the
QRS wave time point. Although the waveform height of the
first heart sound S1 is higher than that of the second heart
sound S2, this differs depending on the measurement posi-
tion of the heart sound.

[0043] The hemodynamic variables Sla and S2a are
derived from the first amplitude of the first heart sound S1
and the second amplitude of the second heart sound S2,
respectively. The Sla and S2a derived in this manner serve
as quantitative surrogate markers of indexes on myocardial
contractile force and vascular resistance. As will be
described later, the relative change amounts of Sla and S2a
quantitatively reflect the total change amounts of the indexes
on myocardial contractile force and vascular resistance.
[0044] FIG. 3 is a flowchart illustrating detailed operations
of estimating a change amount in a table for estimating
change amounts of indexes related to myocardial contractile
force and vascular resistance when the blood pressure of a
patient increases, and FIG. 4 is a flowchart illustrating
detailed operations of estimating a change amount in the
table for estimating the change amounts of the indexes
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related to myocardial contractile force and vascular resis-
tance when the blood pressure of the patient decreases.
[0045] Referring to FIG. 3, in operation S171, it is deter-
mined whether the blood pressure of the patient rises at least
by a predetermined reference value of blood pressure rising.
For example, the predetermined reference value of blood
pressure rising is set to a predetermined value within a range
of 15 10 30% increased relative to the normal standard blood
pressure, but the embodiments are not limited thereto. In this
case, the standard blood pressure means about 120 mmHg
for systolic blood pressure and about 90 mmHg for mean
arterial pressure.

[0046] Next, in operation S172, it is determined whether
Sla and S2a increase together while the blood pressure of
the patient rises. Then, when S1a and S2a increase together,
it is estimated in operation S173 that S', dp/dt and SVR
increase corresponding to each quantitative correlation.
[0047] In this case, the increase of each index means an
increase of more than the reference change amount. There-
fore, when any index does not change by more than the
reference change amount, the index is treated as unchanged.
The reference change amount is predetermined indepen-
dently of each other for each index. By estimating the
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any index does not change by more than the reference
change amount, the index is treated as unchanged. The
reference change amount is predetermined independently of
each other for each index. By estimating the change amounts
of §', dp/dt and SVR as described above, the cause of blood
pressure increase and decrease is determined as an effect of
beta blockage.

[0051] Meanwhile, when only Sla does not decrease, in
operation 8179, it is determined whether only S2a decreases.
Then, when only S2a decreases, in operation S180, it is
estimated that S' does not change beyond the reference
change amount, and dp/dt and SVR decrease corresponding
to each quantitative correlation. By estimating the change
amounts of S', dp/dt and SVR as described above, the cause
of blood pressure increase and decrease of the patient is
determined as the effect of the alpha blockage.

[0052] Table 1 illustrates a particular embodiment that
estimates the change amounts of the indexes on myocardial
contractile force and vascular resistance based on increasing
or decreasing of the blood pressure of a patient, the change
amounts of Sla and S2a, and determines the cause of the
change in blood pressure based on the estimation result.

TABLE 1

Blood pressure

change

Change amount of
Sla and 82a

Estimation of change

amounts of §', dp/dt, SVR Cause

Blood pressure

rise

Blood pressure

rise

Blood pressure

drop

Blood pressure

drop

50% increase in Sla 20% increase in '

25% increase in S2a 50% increase in dp/dt
No change in Sla  25% increase in dp/dt
25% increase in S2a 12% increase in SVR
50% decrease in Sla 20% decrease in S'

No change in S2a  25% decrease in dp/dt
No change in Sla  25% decrease in dp/dt
25% decrease in S2a 12% decrease in SVR

Alpha and beta
action

Alpha action
Beta blockage

Alpha blockage

change amounts of S', dp/dt and SVR as described above, the
cause of blood pressure increase and decrease is determined
as the effect of alpha and beta actions.

[0048] Meanwhile, when Sla and S2a do not increase
together, in operation S174, it is determined whether only
S2a increases. Then, when only S2a increases, in operation
S175, it is estimated that S' does not change above the
reference change amount (i.e., S' does not change signifi-
cantly), and dp/dt and SVR increase corresponding to each
quantitative correlation. By estimating the change amounts
of §', dp/dt and SVR as described above, the cause of blood
pressure increase and decrease of the patient may be deter-
mined as the effect of the alpha action.

[0049] Referring to FIG. 4, in operation S176, it is deter-
mined whether the blood pressure of a patient drops equal to
or lower than a predetermined drop reference blood pressure
value. For example, the drop reference blood pressure value
is set to a predetermined value within a range of 15 to 30%
decreased relative to the normal standard blood pressure, but
the embodiments are not limited thereto.

[0050] Next, in operation S177, it is determined whether
only Sla decreases while the blood pressure of the patient
decreases. Then, when only Sla decreases, in operation
S178, it is estimated that S' and dp/dt decrease correspond-
ing to each quantitative correlation and SVR does not
change equal to or more than the reference change amount.
In this case, the decrease of each index means a decrease of
more than the reference change amount. Therefore, when

[0053] In the first case of Table 1, when the blood pressure
increases while Sla increases by 50%, S2a increases by 25%
due to specific stimulation (drug administration, external
stimulation, and the like), it is estimated that S' increases by
20% and dp/dt increases by 50%. Accordingly, it is deter-
mined that this is due to the effect of alpha and beta actions
acting simultaneously on cardiac contractile force and
peripheral vascular resistance.

[0054] In the second case of Table 1, when Sla is
unchanged and the blood pressure increases together while
S2a increases by 25%, it is estimated that dp/dt increases by
25% and SVR increases by 12%. Accordingly, it is deter-
mined that this is due to the effect of alpha action.

[0055] In the third case of Table 1, When Sla decreases by
50%, S2a and the blood pressure drops together while S2a
is unchanged, it is estimated that S' decreases by 20% and
dp/dt decreases by 25%. Accordingly, it is determined that
this is due to the effect of beta blockage.

[0056] In the fourth case of Table 1, when Sla is
unchanged and the blood pressure decreases together while
S2a decreases by 25%, it is estimated that dp/dt decreases by
25% and SVR decreases by 12%. Accordingly, it is deter-
mined that this is due to the effect of alpha blockage.
[0057] As cases of administering a cardiovascular agonist,
Table 2 illustrates an experimental example in which various
indexes on myocardial contractile force and vascular resis-
tance and changes in Sla and S2a were observed when
ephedrine of 10 mg as alpha and beta agonist was admin-
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istered, Table 3 illustrates an experimental example in which
various indexes on myocardial contractile force and vascular
resistance and changes in Sla and S2a were observed when
esmolol of 25 mg as beta-blocker was administered, and
Table 4 illustrates an experimental example in which various
indexes on myocardial contractile force and vascular resis-
tance and changes in Sla and S2a were observed when
phenylephrine of 100 mcg as the alpha agonist was admin-
istered. In order to determine the cause of the change in
blood pressure, the above-described agents causing the
change in blood pressure were administered and the
response after the administration was examined.

TABLE 2
Before After
Classification administration administration ~ P-value
SBP (mmHg) 109.6 +13.2 139.3 £ 140 <0.001
SVR (dyne - sec/cm?) 7194 £199.2 892.6 = 250.2 0.011
dp/dr (mmHgs) 7252 +738 10655 +217.6  0.001
N 9.7 2.1 11.3 £ 2.7 0.014
RRI (ms) 652 =70 625 =90 0.029
Sla (au) 27.6 =126 43.7 £ 249 0.012
S2a (au) 17.7 £ 8.1 226 9.2 0.004
S12_R 1.79 £ 0.83 2.06 =0.84 0.209
TABLE 3
Before After
Classification administration administration ~ P-value
SBP (mmg) 136.1 + 16.8 1244132 <0001
SVR (dyne - sec/cm®) 776.4 = 256.1 750.8 £ 251.0 0.062
dp/dt (mmHg/s) 1051.5 £233.4 804.3 £ 151.1  <0.001
S' 13.7+44 102 +2.1 0.011
RRI (ms) 598 = 9¢ 700 £ 95 <0.001
Sla (au) 49.3 £ 20.3 27593 0.001
S2a (au) 19.6 £5.5 21.1+54 0.162
S12_R 2.6 £091 1.4 = 0.38 0.001
TABLE 4
Before After
Classification administration administration ~ P-value
SBP (mmHg) 937 +13.2 111.5 £ 13.8 0.014
SVR (dyne - sec/em®) 452.7 £ 110.0 524.0 £ 1322 0.007
dp/dt (mmHg/s) 585.1 £106.1 744.8 £ 95.3 <0.001
N 214 £ 120 19.2. £ 85 0.402
RRI (ms) 575 £ 141 528 £ 197 0.384
Sla (au) 33.6 £20.8 314155 0.428
S2a (au) 14.29 £ 7.53 18.89 + 8.14 0.016
S12_R 2.86 =1.73 418 £ 6.7 0.531
[0058] In contrast to the experimental results in Tables 2

and 3, overall considering that S1a and S2a increase together
when ephedrine as alpha and beta agonist is administered,
only Sla is significantly decreased when esmolol as beta
blocker is administered, and any significant change does not
occur in Sla unlike S2a when phenylephrine is administered
as alpha agonist, it is confirmed that S1a represents the effect
of beta action and S2a represents the effect of alpha action.
[0059] Through the experimental examples, it is con-
firmed that, when the change in blood pressure is accom-
panied by a change in myocardial contractile force, the
decrease and increase of Sla is accompanied, and when
there is no change in myocardial contractile force, only S2a
changes.

Mar. 26, 2020

[0060] Therefore, when Sla increases or decreases, the
change in myocardial contractile force is suspected as a
cause of blood pressure change, and when S2a increases or
decreases, the change in vascular resistance is suspected as
a cause of blood pressure change.

[0061] Through the above experiments and additional
experiments, a table in which the change amounts of S',
dp/dt and SVR corresponding to the change amounts of Sla
and S2a are recorded, a formula or correlation coefficient for
estimating the change amounts, and the like may be derived.
[0062] FIG. 5 is a graph illustrating the correlation
between Sla and a cardiac output according to some
embodiments of the present disclosure. FIG. 6 is a graph
illustrating the correlation between S2a and SVR according
to some embodiments of the present disclosure.

[0063] Referring to FIGS. 5 and 6, Sla and the cardiac
output, and S2a and SVR have a positive correlation.
Because the cardiac output correlates with myocardial con-
tractile force, Sla is positively correlated with myocardial
contractile force.

[0064] FIG. 7 is a block diagram illustrating an apparatus
for performing a method of noninvasively determining a
cause of a blood pressure change according to some embodi-
ments of the present disclosure.

[0065] Referring to FIG. 7, an apparatus 200 includes an
input port 210, a processor 220, an output port 230, and a
memory 240.

[0066] The processor 220 performs a method of noninva-
sively determining a cause of a blood pressure change
according to some embodiments of the present disclosure. In
some embodiments, the processor includes, but is not lim-
ited to, a central processing unit (CPU), a graphics process-
ing unit (GPU), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA), etc.,
combinations thereof, or any other suitable computing
device known in the art.

[0067] In some embodiments, the input port 210 is con-
nected to a stethoscope to receive a heart sound, and the
output port 230 outputs information about the cause of a
blood pressure change.

[0068] The memory 240 stores a computer program in
which a method of noninvasively determining a cause of a
blood pressure change according to some embodiments of
the present disclosure is implemented. In some embodi-
ments, the memory includes, but is not limited to, random
access memory (RAM), read only memory (ROM), electri-
cally erasable programmable ROM (EEPROM), flash
memory or other memory technology, compact disk ROM
(CD-ROM), digital versatile disks (DVD) or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, redundant array
of independent disks (RAID) storage systems, or any other
medium which can be used to store the desired information
and which can be accessed by a computing device.

[0069] In some embodiments, the memory 240 stores a
table in which the change amounts of indexes on myocardial
contractile force and vascular resistance are recorded when
alpha agonist, alpha blocker, beta agonist and beta blocker
are administered, a table in which the change amounts of
indexes on myocardial contractile force and vascular resis-
tance according to the change amounts of Sla and S2a are
recorded, and the like.

[0070] The operations of the method or algorithm
described in connection with an embodiment of the inven-
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tive concept may be implemented directly in hardware, in a
software module executed by hardware, or by a combination
thereof. The software module may reside in a memory. The
memory is, for example, a random access memory (RAM),
read only memory (ROM), erasable programmable ROM
(EPROM), electrically erasable programmable ROM (EE-
PROM), flash memory, hard disk, a removable disk, CD-
ROM. or any form of computer readable recording medium
well known in the art.

[0071] According to the inventive concept, as quantitative
surrogate markers of indexes on myocardial contractile force
and vascular resistance, the maximum amplitude of the first
heart sound and the maximum amplitude of the second heart
sound are obtained from the heart sound of a patient, and the
change amounts of indexes on myocardial contractile force
and vascular resistance are estimated based on the change
amounts of the maximum amplitudes of the first and second
heart sounds, so that, without using invasive arterial pressure
measuring equipment and the like, through non-invasive test
methods, the cardiovascular function of a patient may be
estimated quickly, easily and precisely, and the cause of a
blood pressure change may be determined based on at least
one effect of alpha action, alpha blockage, beta action or beta
blockage.

[0072] Effects of the present disclosure may not be limited
to the above, and other effects of the present disclosure will
be clearly understandable to those having ordinary skill in
the art from the disclosures provided below together with
accompanying drawings.

[0073] While the inventive concept has been described
with reference to exemplary embodiments, it will be appar-
ent to those skilled in the art that various changes and
modifications may be made without departing from the spirit
and scope of the inventive concept. Therefore, it should be
understood that the above embodiments are not limiting, but
illustrative.

What is claimed is:

1. A method for noninvasively determining a cause of a
blood pressure change, performed by a computer including
a processor, the method comprising:

obtaining heart sounds of a patient;

obtaining a first maximum amplitude of a first heart sound

and a second maximum amplitude of a second heart
sound, from the obtained heart sounds;

monitoring a first change in the first maximum amplitude

and a second change in the second maximum ampli-
tude;

estimating a first change amount of a first index on a

myocardial contractile force, a second change amount
of a second index on the myocardial contractile force,
and a third change amount of a third index on vascular
resistance, based on increasing or decreasing of a blood
pressure of the patient, a first change amount of the first
maximum amplitude, and a second change amount of
the second maximum amplitude of the second heart
sound; and

determining the cause of the blood pressure change of the

patient as an effect of at least one of alpha action, alpha
blockage, beta action and beta blockage, based on
results of the estimation of the first change amount of
the first index, the second change amount of the second
index and the third change amount of the third index,
wherein the first heart sound corresponds to a closed
sound of a mitral valve or a tricuspid valve, and the

Mar. 26, 2020

second heart sound corresponds to a closed sound of an
aortic valve or a pulmonary valve.
2. The method of claim 1, wherein the obtaining the heart
sounds comprises:
obtaining the heart sounds from a stethoscope inserted
into an esophagus of the patient or obtaining the heart
sounds by processing an acoustic signal obtained from
the patient.
3. The method of claim 1, wherein
the first index includes a systolic peak valve ring speed,
the second index includes a change rate of ventricular
pressure per hour, and
the third index includes systemic vascular resistance.
4. The method of claim 1, wherein the obtaining the heart
sounds comprises:
amplifying a heart sound signal;
converting an analog signal of the amplified heart sound
signal into a digital heart sound data; and
removing noise in the converted digital heart sound data
by applying a filter to the converted digital heart sound
data.
5. The method of claim 1, wherein the estimating com-
prises:
estimating that the first, second and third indexes increase
at least by a respective reference change amount cor-
responding to a respective quantitative correlation,
when a first condition that the blood pressure of the
patient rises at least by a predetermined reference value
of blood pressure rising, and a second condition that the
first and second maximum amplitudes increase at least
by a predetermined reference value of maximum ampli-
tude changing are satisfied.
6. The method of claim 5, wherein the determining
comprises:
determining the cause of the blood pressure change of the
patient as the effect of the alpha action and the beta
action, when it is estimated that the first, second and
third indexes increase at least by the respective refer-
ence change amount corresponding to the respective
quantitative correlation.
7. The method of claim 1, wherein the estimating com-
prises:
estimating that the first index does not change at least by
a reference change amount, and that the second and
third indexes increase at least by a respective reference
change amount corresponding to a respective quanti-
tative correlation, when a first condition that the blood
pressure of the patient rises at least by a predetermined
reference value of blood pressure rising, a second
condition that the first maximum amplitude does not
change at least by a predetermined reference value of
maximum amplitude changing, and a third condition
that the second maximum amplitude increases at least
by the predetermined reference value of maximum
amplitude changing are satisfied.
8. The method of claim 7, wherein the determining
comprises:
determining the cause of the blood pressure change of the
patient as the effect of the alpha action, when it is
estimated that the first index does not change at least by
the reference change amount, and that the second and
third indexes increase at least by the respective refer-
ence change amount corresponding to the respective
quantitative correlation.
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9. The method of claim 1, wherein the estimating com-
prises:

estimating that the first and second indexes decrease at

least by a respective reference change amount corre-
sponding to a respective quantitative correlation, and
that the third index does not change at least by a
reference change amount, when a first condition that
the blood pressure of the patient drops equal to or lower
less than a predetermined drop reference blood pressure
value, a second condition that the first maximum ampli-
tude decreases at least by a predetermined reference
value of maximum amplitude changing, and a third
condition that the second maximum amplitude does not
change at least by the predetermined reference value of
maximum amplitude changing are satisfied.

10. The method of claim 9, wherein the determining
comprises:

determining the cause of the blood pressure change of the

patient as the effect of the beta action, when it is
estimated that the first and second indexes decrease at
least by the respective reference change amount corre-
sponding to the respective quantitative correlation, and
that the third index does not change at least by the
reference change amount.

11. The method of claim 1, wherein the estimating com-
prises:

estimating that the first index does not change at least by

a reference change amount, and that the second and
third indexes decrease at least by a respective reference
change amount corresponding to a respective quanti-
tative correlation, when a first condition that the blood
pressure of the patient drops equal to or lower than a
predetermined drop reference blood pressure value, a
second condition that the first maximum amplitude
does not change at least by a predetermined reference
value of maximum amplitude changing, and a third
condition that the second maximum amplitude
decreases at least by the predetermined reference value
of maximum amplitude changing are satisfied.

12. The method of claim 11, wherein the determining
comptises:

determining the cause of the blood pressure change of the

patient as the effect of the alpha blockage, when it is
estimated that the first index does not change at least by
the reference change amount, and that the second and
third indexes decrease at least by the respective refer-
ence change amount corresponding to the respective
quantitative correlation.

13. An apparatus for performing a method for noninva-
sively determining a cause of a blood pressure change, the
apparatus comprising:

an input port configured to receive heart sounds;

a processor configured to perform operations including:

obtaining a first maximum amplitude of a first heart
sound and a second maximum amplitude of a second
heart sound, from the received heart sounds;

Mar. 26, 2020

monitoring a first change in the first maximum ampli-
tude and a second change in the second maximum
amplitude;

estimating a first change amount of a first index on a
myocardial contractile force, a second change
amount of a second index on the myocardial con-
tractile force, and a third change amount of a third
index on vascular resistance, based on increasing or
decreasing of a blood pressure of the patient, a first
change amount of the first maximum amplitude, and
a second change amount of the second maximum
amplitude of the second heart sound; and

determining the cause of the blood pressure change of
the patient as an effect of at least one of alpha action,
alpha blockage, beta action and beta blockage, based
on results of the estimation of the first change
amount of the first index, the second change amount
of the second index and the third change amount of
the third index,

wherein the first heart sound corresponds to a closed

sound of a mitral valve or a tricuspid valve, and the
second heart sound corresponds to a closed sound of an
aortic valve or a pulmonary valve;

a memory configured to store instructions for performing

the operations by the processor; and

an output port configured to output information about the

determined cause of the blood pressure change.

14. A computer program which is coupled to a processor
and stored in a medium, the computer program including
instructions for performing;

obtaining heart sounds of a patient;

obtaining a first maximum amplitude of a first heart sound

and a second maximum amplitude of a second heart
sound, from the obtained heart sounds;

monitoring a first change in the first maximum amplitude

and a second change in the second maximum ampli-
tude;
estimating a first change amount of a first index on a
myocardial contractile force, a second change amount
of a second index on the myocardial contractile force,
and a third change amount of a third index on vascular
resistance, based on increasing or decreasing of a blood
pressure of the patient, a first change amount of the first
maximum amplitude, and a second change amount of
the second maximum amplitude of the second heart
sound; and
determining the cause of the blood pressure change of the
patient as an effect of at least one of alpha action, alpha
blockage, beta action and beta blockage, based on
results of the estimation of the first change amount of
the first index, the second change amount of the second
index and the third change amount of the third index,

wherein the first heart sound corresponds to a closed
sound of a mitral valve or a tricuspid valve, and the
second heart sound corresponds to a closed sound of an
aortic valve or a pulmonary valve.
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