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OF THE RIGHT VENTRICULAR MYOCARDIUM AND VISUALIZATION
OF THE PATENTES DUCTUS ARTERIOSUS USING 3D ECHOCARDIOGRAPHY
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Abstract. Assessing the structure of the right ventricle using two-dimensional echocardiography is a rather difficult and
rare task in clinical practice. The mass of the right ventricular myocardium is more often determined using magnetic
resonance imaging, computed tomography and three-dimensional echocardiography. Pathological conditions of the
right ventricular myocardium are often observed in diseases of the circulatory system, including, but not limited to,
congenital heart defects and major vessels, such as an patentus ductus arteriosus (extracardial shunt during fetal
circulation). Estimating the mass of the right ventricular myocardium, taking into account its “irregular” geometric
shape, is quite difficult. The 3D echocardiography method offers significant advantages by eliminating the need for
geometric assumptions and providing a more accurate representation of the shape and structure of the right ventricle.
Studies conducted by a number of authors have established that 3D echocardiography is 9 times more accurate in
assessing the characteristics of the pancreas compared to 2D echocardiography and is comparable to angiography
(catheterization of heart chambers). For visualization of the open ductus arteriosus, this method demonstrates high
accuracy, which is confirmed by a number of studies. The use of 3D echocardiography provides new opportunities for
a more detailed assessment of pancreatic myocardial mass and visualization of anatomical structures of the heart,
including ectracardial ones, while being a non-invasive and less costly procedure.

Keywords: right ventricular myocardial mass, methods for estimating right ventricular myocardial mass, 2D echocardiography,
3D echocardiography, patentus ductus arteriosus, patentus ductus arteriosus imaging, angiography
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Pe3tome. OLeHKka CTPYKTYpbl NpaBoro xenygoyka npu NoMoLLM ABYXMEPHON axokapAnorpadum 4OCTaTOuHO Tpya-
Hasa 1 pedkas 3agaya B KNWHUYECKoW npakTuke. Macca Muokapaa npaBoro xenyaoyka vale onpegensercs ¢
MOMOLLbI0 MarHMTHO-PE30HaHCHOW TOMOrpadumn, KOMNbITEPHON TOMOrpadum U TPEXMEPHOIN aXoKapAnorpadum.
lMaTonoruyeckune COCTOSAHUSA MMOKapaa NpaBoro xenygoyka HabnogawTcs Yyacto npu 3aboneBaHnsx cMCTeEMbI
KpoBOoOOpaLLEeHNS, BKIOYas B TOM YNCNe BPOXAEHHbIE MOPOKM CepALa ¥ MarucTpanbHbiX COCYA0B, Takne Kak
OTKPbITbIV apTepuanbHblil NPOTOK (IKCTPaKkapAnanbHbIN WYHT B Nepuog etanbHoro kpooobpalleHus nnoga).
OueHka macchl MMoKapaa NPaBoro Xenygoyka ¢ y4eTOM ero «HenpaBUbHONY TEOMETPUYECKON (hOpPMbI LOCTAaTOYHO
cnoxHa. Metog 3D-axokapanorpadun npeanaraeT 3HaunTeNbHbIE NPenMyLLecTBa, NPy 3TOM UCKNoYaeTcs Heob-
X04MMOCTb reoMeTpuUYecknx onyweHun n obecneunsaetca Gonee To4HOe NpeacTaBneHne o popme 1 CTpyKType
npaBoro xenyaoyka. lNpoBeaeHHbIe pAgoM aBTOPOB UCCRef0BaHNS YcTaHOBUAN, YTO 3D-axokapamnorpadus B 9 pas
Bonee T04HO cNOCOBHA OLEHNBATL XapaKTepUCTUKI NPaBOro Xenygoyka no cpaBHeHuto ¢ 2D-axokapauorpaduen
1 conocTaBuMa ¢ aHruorpadmen (katetepusauuen kamep cepgua). [nsa Bu3yanusalny oTKpbITOr0 apTepuansHoro
NpOTOKa AaHHbIA METOS AEMOHCTPUPYET BbICOKYH TOYHOCTb, YTO MOATBEPKAAET PS4 UccnefoBaHui. icnons3osa-
Hue 3D-axokapanorpaduy npeLoCcTaBnseT HOBbIE BO3MOXHOCTW ANns bonee AetanbHOM OLEHKW MacChl Muokapaa
NpaBoOro Xenyaoyka v BU3yanusaLum aHaTOMUYecknx CTPYKTYp cepaua, B TOM Yncne aKkcTpakapananbHbIX, py 3TOM
SBNASICH HEMBA3WBHOM 1 MEHEE 3aTpaTHOW NPoLEeAYpPON.

KntoyeBbie cnoBa: macca MMokapga npaBoro Xenyaoyka, MeToAbl OLEHKM MacChl MUOKapAa nNpaBoro Xenyaouka,
2D-3xokapauorpadusi, 3D-axokapamnorpadus, OTKpbITbIA apTepuanbHblil NPOTOK, BU3yanu3aLus OTKPbITOrO apTepuanbHoro
npoToKa, aHruorpadms
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INTRODUCTION

An assessment of the structure of right ventricle (RV)
using two-dimensional echocardiography (2D-Echo) still
remains problematic and is rarely used in clinical practice.
There are a large number of studies devoted to the assess-
ment of RV function and volume, but the assessment of
myocardial mass is somewhat ignored and practically not
described [1-5]. Magnetic resonance imaging (MRI), com-
puted tomography (CT) and three-dimensional echocar-
diography of the heart (3D-EchoCG) are most often used to
determine the RV myocardial mass (RVMM) [6-8].

At the same time, RV myocardial hypertrophy can be
observed in many diseases, such as pulmonary hyperten-
sion, congenital heart defects, pulmonary valve stenosis
and some infiltrative diseases [6].

One of such nosological forms is patent ductus arte-
riosus (PDA), which, if persistent for a long time, causes
severe pulmonary hypertension, leading to volume over-
load and hypertrophy of the right heart chambers. PDA ac-
counts for 5-10% of all congenital heart defects (CHD), is
observed more commonly in premature female infants com-
pared to males, 3:1, respectively [9]. According to P.S. Rao,
M.J. Kern:“The physiological impact and clinical signifi-
cance of a PDA largely depend on its size and the patient's
cardiovascular status” [10].

The ductus arteriosus can be classified as “silent”,
small, medium or large, therefore there are several clas-
sifications — clinical and angiographic. However, until now,
there are no data on echocardiographic changes in the right
heart chambers depending on the size of the duct and the
duration of its functioning.

This publication is devoted to the issues of assessing
the RV myocardial mass in order to determine the most ac-
curate methods, as well as the issues of three-dimensional
echocardiography in visualizing the arterial duct.

ASSESSMENT OF RIGHT VENTRICULAR
MYOCARDIAL MASS

When discussing methods for evaluating myocardial
mass, it should be noted that an assessment of the left ven-
tricle (LV) is more common in literature. This is due to signifi-
cant differences in the structure of two ventricles. The LV has
a bullet-shaped form, making it easier to assess transtho-
racically. The right ventricle, in turn, has a complex, irregular
crescent or triangular pyramidal shape. Therefore, there is
no geometric figure that could adequately depict the dimen-
sions of this structure without simplifying its shape [11].

The right ventricle, from a practical and functional
point of view, is U-shaped (horseshoe) curved loop [12].

The complex geometry of RV allows it to wrap around the
LV cavity in a crescent-like manner [13]. Functionally, the
RV has three segments, separated by two muscular nodes:
the 1st in the area of the atrioventricular valve, the 2nd one
is immediately below the atrioventricular valve (the widest),
and the 3rd one located in the area of the RV outflow tract
and/or in the area of visualization of the moderator bundle
(slit-shaped).

The right ventricle has three walls: anterior, posterior
(diaphragmatic), and left (internal or septal), but modern au-
thors point to only two walls: the parietal wall, which forms
its anterior and posterior surfaces, and the septal wall,
which separates the cavities of the right and left ventricles
[12]. It should be noted that the septal wall, formed by the
interventricular septum (IVS), consists of the anterior and
posterior IVS and the membranous part of the IVS.

During the examination, pronounced trabecularity is
detected in the RV cavity, with the moderator bundle (gui-
ding trabecula) visible in the right ventricular outflow tract.
The anatomical features described above prevent, and
sometimes make it impossible, to obtain high-quality acous-
tic windows for RV assessment from standard two-dimen-
sional echocardiographic positions [8, 11, 14].

Moreover, there is no clear opinion how to assess the
interventricular septum, which anatomically belongs to both
ventricles, and functionally to the left [15-17]. Finally, two-
dimensional echocardiography does not allow the inclusion
of the right ventricular outflow tract (conus arteriosus) in ob-
servations [11]. However, there are methods of assessment.
Several geometric models have been proposed to estimate
the RV [8]. The first one assumes that the RV has an ellipti-
cal cross-sectional area [18], and for ease of application, a
pyramidal shape was adopted [19]. The second method uses
the area of the prismatic shape of the RV. It has proven itself
in the study of congenital heart defects [20]. Further studies
of static and dynamic changes in the RV led to the use of a
crescent-shaped RV in cross-section, in which case the ca-
vity volume was calculated by multiplying the area and length
[21]. Further work in this direction formed a different opinion
about the shape of the RV: along the short axis, the free wall has
a circular shape, and along the long axis, it is parabolic [22].

Experimental studies have shown that isolated RV myo-
cardial hypertrophy is limited by its free wall [23]. However, it
cannot be ruled out that the interventricular septum (IVS) is
not affected by isolated right ventricular (RV) changes; after
all, its mass is excluded from calculations [7, 17, 23]. This
is confirmed by the fact that during heart dissection, the RV
free wall is easily separated from the IVS and the LV free
wall, while it is difficult to separate the LV free wall from the
IVS. In addition, the results demonstrate a more frequent
IVS hypertrophy in isolated LV hypertrophy (LVH) than in RV
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hypertrophy (RVH). Although later studies indicate that the
trabecular component of the IVS does belong to the RV [8].

The RVMM can be estimated from the product of the
specific gravity of the myocardium and the volume of the
free wall of the RV [7]. J.J. Joyce et al. (2001) confirmed the
accuracy of this method using MRI, CT and three-dimen-
sional echocardiography [7, 24, 25].

Let us consider the methods for calculating the RVMM
[6-8].

RVMM is estimated by the following equation:

RVMM = FSRV - TW - MD,

where RVMM is the myocardial mass of the right ventricular
free wall; FSRV is the surface area of the right ventricular free
wall; TW is the thickness of the right ventricular free wall; MD
is the myocardial density, assumed to be 1.05 g/cm? [6-8].
The anterior RV wall thickness is assessed instrumen-
tally, while the FSRV requires calculation. To determine the
FSRYV, it is proposed to use the one-quarter prolate ellipsoid
surface area (Fig. 1), as well as the formulas below.

Exact radius method

The authors used two mutually perpendicular radii
R, and R,, which were measured in the apical position
(Fig. 1, b). The final version of the formula with correction
factors looks like this [7]:

RVMM = 3,4[R12)[1+R2 sin’ 8]-(TC)+ 22,
2 Rie
where RVMM is the myocardial mass of the right ventricular
free wall; FSRV is the surface area of the right ventricular free
wall; TW is the thickness of the right ventricular free wall; MD
is the myocardial density, assumed to be 1.05 g/cm?, R, and
R, are large and small radii, respectively (Fig. 1).

Simplified radius method [7]

The same radii are used, but the formula is simplified
and more clinically applicable.

RVMM =3 63[R12]-[1+R2].(Tc)+ 2,1
63| 5 R, A,
where RVMM is the myocardial mass of the right ventricu-
lar free wall; FSRV is the surface area of the right ventricu-
lar free wall; TW is the thickness of the right ventricular
free wall; MD is the myocardial density, assumed to be
1.05 g/lcm?, R, and R, are large and small radii, respec-
tively (Fig. 1).

One-quarter prolate ellipsoid surface area method [7]

The authors suggested that the longitudinal cross-sec-
tional area could be used to estimate the RVMM.

FSRV =K;
RVMM =584 - K- TW +1,

where FSRV is the surface area of the right ventricular free
wall, K is a longitudinal cross-sectional area measured at
the apical position.

The “bullet” formula [6]

The transverse area of the right ventricle is calculated using
two mutually perpendicular axes D, and D,, located at equal

1/4 Prolate Ellipsoid

4
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1/4 Prolate Ellipsoid

N

Fig. 1. The one-quarter model prolate ellipsoid surface area (1/4
of the surface area of the ellipsoid, which is taken as the
right ventricle) (a): R, — large radius; R, — small radius.
The shaded part represents the longitudinal plane. The
four-chambered apical position of the heart (b): RA — right
atrium; RV — right ventricle; LA — left atrium; LV — left
ventricle; R, —measurement of the length of the pancreatic
ventricle; R, — measurement of the diameter of the
tricuspid valve; the dotted line indicates the measurement
of the area of the right ventricle [7]

Mogenb one-quarter prolate ellipsoid surface area (1/4
NAowWaan NoOBePXHOCTU 3NNUNCOMUAA, 32 KOTOPbIA NPUHU-
MaeTcs npaBblii xenyaouek) (a): R, — 6onbwoi paauyc;
R, — manbin paguyc. 3awTpuxoBaHHas 4acTb NpeAcTaB-
nset coboii NPoAoNbLHY NNOcKoCTb. YeTbipexkamepHas
anukanbHas nosuuuma cepaua (6): MM — npaBoe npeacep-
aue; MK — npaBbii xenypouek; JIM — neBoe npeacepaue;
X — neBbin xenypoyek; R, — n3mepeHue AnnHbI Mexxe-
nypoukosoli neperopoaku MX; R, — namepenne anametpa
TPUKYCNMAANbLHOTO KNanaHa; NyHKTUPOM yKa3aHo uamepe-
HWe nnowaamn NpaBoro xenyaoyka [7]

Puc. 1.
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Fig. 2.  The “bullet” formula: a — geometric model of the LV; D,,
D, — mutually perpendicular axes along the short axis;
L — long axis of the LV; b — position along the short axis;
¢ — volume of the LV cavity plus the thickness of the
myocardium (t); d — apical position [7]
Puc.2. ®opmyna «nynu»: a — reometpuyeckas mogens JIX; D,

D, — B3auMHO nepneHANKyNApHbIE OCK O KOPOTKOM OCH,
L — anuHHas ocb JIK; 6 — no3nuusi no KOPOTKOI ocH; 8 —
o6bem nonoctu JIXK nntoc TonwmHa muokappaa (t); 2 — anu-
KanbHas nosuumsa [7]

distances from the tricuspid ring and the apex of the right
ventricle (Fig. 2):

5
RVCCSA=—x-D, D, L,
24

where RVCCSA is the cross-sectional area of the RV; D,
and D, are mutual perpendiculars; L is the long axis of the
RV (tricuspid-apical axis), measured in the apical position.

Three segment method [6]

This method was developed based on the shape the
right ventricle takes when dissected and unfolded (Fig. 3).
It requires measuring three segments of the endocardium:
b — the length of the endocardium in the short-axis position

of the aortic valve (Fig. 4, a); B — the short-axis length be-
tween the tricuspid valve annulus and the apex (Fig. 4, b);
h — the four-chamber position (Fig. 4, b).

These segments were measured in diastole and cor-
respond to the two bases and the height of the trapezoid
(Fig. 3). The area of the trapezoid was then calculated using

the formula:
2

where A is the area of the trapezoid; b,, B, and h are the
endocardial lengths measured in diastole.

Myocardial mass was calculated by multiplying the area
of the trapezoid by the RV wall thickness:

RVMM =A - TW - 1,055,

where RVMM is the myocardial mass of the right ventricular
free wall; “A” is the calculated surface area of the trapezoid,
TW is the thickness of the right ventricular free wall, 1.055 is
the myocardial density (Fig. 3).

Using recent methods, RV myocardial mass can be quite
satisfactorily estimated using two-dimensional echocardio-
graphy, as confirmed by S.C. Pontes Jr. et al., who compared
the calculated mass with anatomical mass. To this end, they
conducted tests first on animals and then on humans [6].
However, these methods cannot be considered standard,
since RV mass was still underestimated. It should be noted
here that RV mass measurement is generally associated
with a large number of errors, even when using other me-
thods, such as three-dimensional echocardiography or MRI.

A recent meta-analysis showed that both MRI and 3D
echocardiography underestimate ventricular volumes [26].
Thus, there is no non-invasive method that would provide
data similar to anatomical ones [6].

~ T
N e e
Z2 s

- (52

Fig. 3. Free wall of the pancreas after preparation. Area — the
area; B — large base; b — small base; h — height [6]
Puc.3. CBobopHasi cTeHka npaBoro xenygoyka nocne npenapos-

ku: Area — nnowaab; B — Gonbluoe ocHoBaHue; b — ma-
noe ocHoBaHue; h — BbicoTa [6]
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CAPABILITIES AND ADVANTAGES
OF 3D ECHOCARDIOGRAPHY

Despite all of the above-mentioned difficulties, 3D echo-
cardiography appears to be a highly accurate method for both
qualitative and quantitative examination of the RV [11, 27].
Unlike 2D scanning, 3D echocardiography offers numerous
advantages, as it does not require geometric assumptions
about the true shape of the ventricle or standard images [27].

3D echocardiography combines multiple scanning
planes, improving the consistency of boundary detection
and allowing each image to be evaluated in three-dimen-
sional relation to others. This technique can effectively re-
construct myocardial segments that cannot be sufficiently
visualized due to the anatomical location of the RV. Special
algorithms allow for changing the position and orientation
to optimize the image; the 3D model can be rotated and
viewed. This method allows for more accurate determina-
tion of the RV free wall thickness. According to a study by
L. Jiang et al., the accuracy of 3D echocardiography was
ninefold higher than that of 2D echocardiography [11].

Uneven RV hypertrophy is often described in the lite-
rature, depending on the cause of its overload. Thus, with
pressure overload, the RV outflow tract wall and/or the

Fig. 4.

myocardium surrounding the supraventricular crest hyper-
trophy primarily [11]. In this regard, isolated assessment of
the RVMM using a two-dimensional method is not always
correct, since it may increase due to RV dilation, rather than
wall hypertrophy. With isolated RV pressure overload, the
RVMM increase occurs due to an increase in wall thick-
ness, while with isolated volume overload without concomi-
tant pulmonary hypertension, the increase occurs due to RV
chamber dilation [17].

VISUALIZATION OF PATENT DUCTUS ARTERIALIS
USING 3D ECHOCARDIOGRAPHY

3D echocardiography and its unique capabilities for real-
time volumetric visualization facilitate highly accurate car-
diac chamber assessment. Recently, the method has been
used to visualize extracardiac structures [28], such as the
aorta, pulmonary trunk, and patent ductus arteriosus, which
act as extracardiac shunts during fetal circulation.

A 2012 study by several authors from Ain Shams Uni-
versity Hospital (Cairo) demonstrated the accuracy of 3D
echocardiography in determining the size and anatomical
type of the patent ductus arteriosus compared to 2D echo-
cardiography and angiography. All 42 consecutive patients

M e VR -\4_’_'-""

v~

Measurement of the endocardium using the three segments method: a — parasternal position along the short axis at the level of

the aortic valve; b — parasternal position along the short axis at the papillary muscle level; ¢ — apical four-chamber position; d —
measurement of pancreatic thickness in M-mode. RA — right atrium; LA — left atrium; RV — right ventricle; LV — left ventricle [6]

Puc. 4.

W3mepeHune aHpgokapaa no MeToAy TpexX CerMeHToB: @ — napacTtepHanbHadA Nno3uuuUA no KOPOTKOM OCU Ha ypoBHe aopTanbHOro

KnanaHa; 6 — napacTtepHanbHas No3uLKsi No KOPOTKOW OCK HAa YPOBHE COCOYKOBLIX MbILL; 8 — anukanbHas YeTbipexkamepHas
nosuums; 2 — namepenue TonwuHbl MX B M-pexume. RA — npaBoe npeacepaue (right atrium); LA — neBoe npeacepave (left
atrium); RV — npaBblii xenypgovyek (right ventricle); LV — neBbii xenygaouek (left ventricle) [6]

& POCCHIICKHE BHOMETHIIMHCKIE UCCIEJIOBAHMA.  TOM 10 N3 2025

ISSN 2658-6576 ( Online )




80 REVIEWS

Fig. 5. Multi-plane reformatted window. Three different projections are visible: the coronary (green square), sagittal (red square) and
transverse (blue square). The pulmonary end of the duct is marked by the intersection point of the green and red lines in the blue
square

Puc. 5. MuoronnockoctHoe nepecpopmaTupoBaHHoe okHO. BUAHbBI TpU pa3Hbie NPoeKLUm: KOpOHapHas (3eneHbI KBaApaT), caruTTanbHas

(kpacHbIi KBaApaT) U nonepeyHas (cuHUi kBaapar). JleroyHbIil KOHeL NPOTOKa OTMEYEH TOYKOW NepeceyeHns 3eneHo 1 KpacHom

NUHUIA B CUHEM KBagpaTe

underwent 2D echocardiography, 3D echocardiography, and
angiography independently by different physicians. The 3D
echocardiography study was performed according to guide-
lines developed in 2008 by specialists at the Mayo Clinic
and Loma Linda University Medical Center, USA [29]. Multi-
planar reformatting (MPR) imaging was used to simultane-
ously identify the PDA in three planes (Fig. 5). This unique
method allows for precise visualization of the dynamic mor-
phology of the heart.

Based on the results of the study, the following data
were obtained on the average PDA size [29]: at its pul-
monary end — 1.8+0.5 mm, ranging from 1.1 to 3.4 mm;
at the aortic end — from 3.4 to 11 mm, with an average
of 7.7£1.4 mm; and on the average ductal length, which
was 7.6+1.8 mm, ranging from 2.8 to 10 mm. The ductal
length measured using 2D echocardiography averaged

7.1+£1.7 mm, while that measured using 3D echocar-
diography averaged 7.6+1.8 mm. 3D echocardiographic
measurement of the PDA length showed better results
compared to measurement by angiography, which aver-
aged 7.8+2.3 mm. However, the authors state that “with
2D echocardiography, the PDA length was significantly
underestimated compared to measurement by angiogra-
phy” [29].

At the same time, a 2014 study conducted by scien-
tists from Tanta University yielded similar data as their
colleagues from Ain Shams University Hospital, in their
investigation of 24 patients using 3D echocardiography.
Based on the results obtained, the authors present the fol-
lowing data: "The diameter of the pulmonary end from 1.9
to 3.4 mm with a mean value of 2.6+0.61 mm; the diameter
of the aortic end from 3.5 to 9 mm with a mean value of
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5.74+1.74 mm; “duct length from 4 to 10 mm with a mean
value of 7.29+1.87 mm” [30].

These studies clearly demonstrate the advantages of
3D echocardiography compared to two-dimensional exami-
nation [29, 30] and the ability to compete with the rather
invasive diagnostic method of angiography, considered the
“gold standard” for PDA assessment.

CONCLUSION

Three-dimensional echocardiography is a fairly accurate
method for both qualitative and quantitative examination of
the right ventricle. Right ventricular myocardial mass as-
sessment is essential for evaluating pathological changes
associated with volume and pressure overload in the right
ventricle. This is feasible thanks to already developed me-
thods for calculating right ventricular myocardial mass, such
as the “Exact Radius Method”, “Simplified Radius Method”,
“Longitudinal Plane Method”, “Bullet Method”, and “Three
Segment Method”. Patent ductus arteriosus is one of the
most common congenital pathologies in the neonatal peri-
od. Its assessment using real-time three-dimensional echo-
cardiography allows for the determination of the shape, size
(arterial, median, and pulmonary ends), and position of the
ductus. Two-dimensional echocardiography is inferior to
three-dimensional echocardiography in visualizing the PDA,
but its results are comparable to those of angiography and
may become an alternative in the future.
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AOMONHUTENBbHAA UHOOPMALIUA

Bknag aBTopoB. Bce aBTOpbl BHECNU CYLLECTBEHHbIN
BKnag B pa3paboTky KOHLEeNuwM, NpoBeAeHWe 1ccrnenosa-
HWS 1 NOATFOTOBKY CTaTbM, NPOYNN M 0400pKUIM rHANBHYO
Bepcuio nepeg nybnukawuen.

KoHdnukT mHTepecoB. ABTOPbI LEKNAPUPYIOT OTCYT-
CTBME SBHbIX W MOTEHUMaNbHbIX KOH(IIMKTOB WHTEPECOB,
CBSA3aHHbIX C NybnukaLmen HacTosLLen cTaTby.

WUcTounuk cmHaHcupoBaHma. ABTOpbI 3asBnStOT 06
OTCYTCTBUM BHELIHETO0 (PUHAHCMPOBAHUS NPU MPOBELEHUM
nccnefoBaHus.
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