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Abstract: Problems in determining the volumetric parametgrethocardiography,
essentially similar to the problemsare associatigd the restoration of the full form of the
heart. The researchers always hampered by diffichét visualization parts of the heart, and
above all the ventricles, arising from the speci@atures carrying out ultrasonic research.
Therefore, echocardiography is no single approacthe calculation of volume indicators
heart cavities. The article reveals the determomadif the volume of the cavities of the heart
ventricles by echocardiography, which is importantardiology. Paper focuses on the left
ventricle of the heart, which has the most corest most accessible form of visualization.
Corresponding to each segment of the ventriculaitycaolume is determined by calculating
the approximate cubature formula for Simpson. Themnming up all the calculated
amounts, we finally obtain the formula for determg the volume of the cavity of the
ventricles of the heart. It states that this meti®dnore accurate and reliable than other
existing methods.
Keywords. echocardiography, ultrasound, mitral, apical, norasive, cubature.
Introduction

The large number of proposed in the literature @pgnes to the assessment of volume
indicators of the heart cavities, based on theamtketwo-dimensional images [1,2,3,4,5]. The
results suggest that the problem of choosing theémep ways of calculating volume
indicators is not completely finished. However, thiwod circulation parameters of the
cardiovascular system is calculated based on a atm@rate measurement of the volume of
ventricular cavities, and its value can be biaseidfluence the final overall diagnosis. In this

connection, a more accurate determination of theme of ventricular cavities, non-invasive
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method has important value at treatment and pragnofs cardiovascular diseases. The
variety methods of calculating the volume of thetvieular chambers are caused by the
complexity of their spatial configuration. This neskit necessary submission of cavities
spatial figure of regular geometric shape. Such ehatlows calculating the volume of the
cavity indicators, having only a few of its linesizes. Researchers focused attention on the
left ventricle as having the most proper shapethadnost well available imaging. The most
common way of calculating volume of the left vecigiis a calculation formula Teychholtsa
(Teichholz) [3,5], where the volume of the venttarucavity calculated approximately
spherical volume. There are others methods of tzlon [5], based on the ellipsoid model
and on the basis of representation of the left naatin the form of an ellipsoid of
revolution. All these calculations lead eventuadiythe calculation of the volume of spherical
cavities volumes. There is also not taken into antdhe size of the long axis, which is
essential for a more accurate calculation of thiime of the cavity. Depending on the
available pathology [3,5] to describe the shapthefleft ventricle, also apply hyperboloid, a
hemisphere, a truncated sphere and the otherawtéijure. The major disadvantages of
these works [2,3,5], too, are an adequate refleaifdhe configuration of the normal and the
pathological state of the human heart, the lackamhparability of the results of calculating
the volume of a cavity different methods and, a®msequence, the lack of uniform criteria
for pathology. The most essential to determine tblime of the left ventricle, can be
considered a method of cross sections. The divisfowolume into n similar volumes, the
work done in [2], where the shape of internal argbmmal contours of ventricular short axis,
despite the complex character, is preserved atuhef these areas along the long axis of the
heart. The presence of this singularity confirme skatistical analysis of data obtained as a
result postmortem studies serial sections of humeart. Using these features, [2] the
ventricular volume of the heart is calculated, hgwonly two sections: on the short and long
axes in terms of echocardiography - parasternat stxis at the end of the mitral valve and
apical four-chambered access. The volume of theséeftricular cavity eventually reduces to
the calculation of the cylindrical volume. Therefpthe accuracy of the formula [2], is low.
In this paper, the aim is to propose methods tbtgrchine a more accurate measurement of
the heart ventricle, through the use of echocardjugy data.

Method

Measurements of volume ventricular cavities, iredain sense depend on the correct scan
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of the heart ventricles by ultrasonic devices. Belare some methods to scan the h
chambers. As is known, ttlocation of the left and right lung of the sternuatf,ribs anc
narrow intercostal spaces complicates echocardigratudy. In order to facilitate access
the heart of ultrasonic methods of research, tlagee a number of ways, for examg
scanning kBould be done in the patient's position on the $fe, with his back to tF
researcher or by the person to the researcheindtus regard, in echocardiography is us
a number of approaches to the heart, such as paefsternal, apical, subcal, suprasternal,
parasternal right, and right and left supraclaacyFigure 1.

Figurel.Scheme of the possible accessto the heart ultrasound.
1-left parasternal access, 2-apical access, 3-subcostal access, 4-suprasternal access, 5-

right parasternal access, 6-right and left supraclavicular approaches [6]

Figure 2. The scheme of orthogonal projections
at carrying out echocar diographic study [6].

In each of these approaches, depending on thegos&nsor can be obtained on the |
the slice of the heart or the short axis. The scef®ws, or mirror inverted the actual pictt
The mirror image implies removing the left chambefrshe heart t the right to the scree
Basically, here we restrict the two scanning posgj which is important for determining t

volume the ventricles of the heart. The first positis the parasternal short axis. For -
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position sensor you must install at iend of the mitral valve. The screen shows the slfc
the left ventricular shoréxis, and the top left of the screen is the rigitxicle in the form o

a crescent is attached to the left ventricle [&dyFe 3.)

Figure 3.Shortaxis parasternal position on at the end of theainitalve

The position of the heart in the thorax may beedéht, and therefore the right ventri
can be located on the screen at different peogferently. It is connected with this sm.
informative value of the right ventricle size measoent in parasternal position. Order to
the necessary data to measure the volume of thedefricle of the heart, it is necessar)
install the sensor at the level of the mitral valaed then, yu need to gently move the sen
to the side of the apical impulse. Each time thekevdh points are measured long and s
cut-off diameters. In the second case, the measuremade on the apical fc-chamber
position. Sensor is installed in the regiof the apical impulse and direction beam
conditionally into the patient's right shoulder rfrothe bottom up, as far as possible
necessary to obtain an image of the heart alontptigeaxis [6] (Figure 4

Figure 4. The apcal fou-chamber position (not shown in the atric
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The traditionally accepted echocardiography worlh & mirror image on the screen so
the left ventricle and the left atrium located b tight and the right ventricle and the right
atrium to the left. This position is well visibleawnt the left and right fibrous rings at
different levels right shifted into the right veinte of 5-7 mm from the left. Using data
obtained by echocardiography, calculated volumia@fcavity of the left ventricle by various
methods: methods of separating the volume of @sviin the cylindrical volume, methods of
separating the cavity volume of a truncated core rapthods of separating the volume of
curved cylindrical volumes. Below we consider thetinod of dividing the volume of the
cavities on the n- curved cylindrical volume, whéne volume of cavity measurements is
made exactly to any known (cylindrical, conicaltersecting conical, cylindrical cam, and
etc) geometric shapes.

Discussion

In contrast to the above work, there are definest irea and length of the cavity in the
parasternal position sensor for installing the slets at the end of the mitral valve
(Figure.4.). Next, the ultrasonic sensor is insthlin the apical four-chamber access. The
image fixed by, the studied the cavity along thegl@xis is divided evenly into n segment
(Figure 5.), as is done in [7]. For each pointtsfdivision is conducted parallel to a line

perpendicular to the interventricular septum (Fegbiy).

Figure 5.Equal septum of thelong axis of the n-segments, each segment containing the

curved volume of atruncated cone.
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Figure 7. Parasternal position on the short axis at the level of the end flaps of the mitral
valve.
Each short axis corresponds to certain areas, wisclalso perpendicular to the
interventricular septum (Figure 7.). Similar areas determined by using the formula
S-Kcd,, S,-Kcd, S,-Kcd,. S -Kcd, (2)
wherek proportionality  coefficient, c.c,c,.c, - parallel axeg] . d,.d,..d, -

perpendicular axes to an interventricular septuromFcondition of similaritys, of plane
figures, it follows that

C
L=—2=-23=-_="=N
dl dZ d3 dn (2)
From here is easy to find
¢ =Nd,, ¢,=Nd,, ¢,=Nd,,...,c, =Nd, 3)

Using (3) to (1) we define
S =KNd?, S,=KNd,?, S,=KNd,”..S =KNd 2> (4)
Now, lump volume ventricular cavities define byadating the approximate volume of
truncated cone of curvilinear cubature formula Somp In this case, each segment

corresponds to certain volume curvilinear truncatede, which is calculated by the formula

[8]
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_H
V= (S +4S +S),

_H
V,= ¢ (S +45 +S) 5)

H
V = — +4S +S
6n (SZn—l )

n 2n 2n+1

Considering the similarity area in each heart sediong axis, and given in (5) in the form
of their values (4), we obtain the following forraulor determining the ventricular volumes

lumpy cavities
v, =KN 1 (d? +4d? +d?)
1 6n  * 2 3’

H
V, =KN_—(d?+4d?+d.*
> 6n(3 . 5) (6)

— H 2 2 2
V, = KN a(d2n_l +4d2n +d2n+ )

1

KN -the coefficient is defined from any fixed the are#ssimilar plane figures [7].

Therefore we denote it fixed.

S, =KNd,?, KN= S
» ¢ _d_bz 7)(

Result
Substituting (7) into (5), and summing the volunoésll, we finally find the formula for
calculating the volume of ventricular cavities

S, H
Vo = (A d, + 4 d ] d] )4 205w d 2 ) (8)
/]

whered — the size along the short axis, held at the pahtdivision n-th segment
perpendicular to the interventricular septum.

H — the size of the long axis of the ventricle;

d, — fixing the size of the cavity in the access piznaml short axis;

s, — fixation in the area of the cavity access paraaleshort axis;

S . . . _ :
d—d’z =KN — dimensionless geometric factor of similar pléigares.
1/
Conclusion
Our proposed method can achieve the following &ff@sharp reduction in analysis time

echocardiographic survey data, establish a moreratec measurement of ventricular cavity
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and reliable to put the diagnosis to the patiehignvcalculating the volume known geometric
shapes (sphere, cone, ellipsoid, etc.), This me#tioss that it determines its exact volume
found in formula (8) to calculate the amount of vemlar cavity mathematically justified,
and each member has a physical meaning.
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