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Summary. The study of averages S and SR showed the low S longitudinal
fibers, low S and SR circular fibers and normal S and high SR radial fibers, no
changes in these parameters after revascularization. A detailanalysis the segments
showed a decrease S and SR in 46,8% segments of longitudinal, 51,5% circular
and 25,7% of the radial fibers of the LV. The same53,2% segments of longitudinal,
48,5% and circular 72,8% segments of the radial fibers had normal and increased
values of S and SR as well as with different options to change S or SR. After
revascularization improved deformation properties of longitudinal and circular
fibers of the left ventricle in the group with low values of S and SR. The increased
number of segments with high or normal value of SR. Normal values of S and SR
radial fibers observed in most segments (56,7%).

Key words: coronary heart disease, left ventricular function, strain, strain
rate.
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METO/IbI 1 3BHAYEHUE J0 U NOCJIE PEBACKYJISIPU3ALINU
JEBOM ) KEHAYPHOM JE®OPMAIINH Y BOJBHBIX
UIIEMHAYECKOH

Pe3rome. M3yuenune cpenHux mnokazarenei S um SR mokaszano HH3KHE
3HAQYEHUSI S MPOJAOJBHBIX BOJOKOH, CHIDKEHHE S M SR IMPKYJISIPHBIX BOJOKOH,
HOpPMAaJbHBIN IMOKa3aTellb S W BbICOKMM SR paguanbHBIX BOJOKOH, a TaKkKe
OTCYTCTBHE HU3MEHEHUH ne(OpMAalMOHHBIX CBOMCTB IOCJIE PEBACKYJSPU3AILUU.
AHaJIN3 CErMEHTOB BBIABUJI CHI)KEHUE TOKas3aTened S U SR y manueHToB B OTBET
Ha UBC B 46,8% mpomonapHbIX cerMeHTaxX, B 51,5% mnupkynsapHbIX U B 25,7%
paguanbHbIX BosokHax JIK.IIpu srom 53,2% mnpomonsHbIX cermMeHToB, 48,5%
UUPKYJSPHBIX U 72,8% CErMEHTOB paJMAIBHBIX BOJIOKOH MUMEIU HOPMAaJbHBIE U
noBeiieHHble 3HaueHuss S U SR. Tlocne peBackymsipuzanuu gehopMaiiiOHHbIE
CBOMCTBAa ITPOJOJBHBIX M LHUPKYJSIPHBIX BOJOKOH JDK B rpymme ¢ Huskumun
3HAYEHUSIMH S U SR yIy4dIIUIIUCh, a TAKKE YBEINYUIIOCH KOJIMYECTBO CETMEHTOB C
BBICOKMM WJIH HOpMaibHbIM 3HaueHHeM SR. Hopmanbnble 3HaueHus S u SR
paauabHBIX BOJJOKOH OTMEUAIOTCS B OOJBIIMHCTBE cerMeHToB (56,7%).

KawudeBble cjoBa: wumemuyeckas O0Je3Hb cepiama, (QYHKIUS JEBOTO

XKenynouka, negopmaiius, CKOpocTh AedopMarium.

Introduction. In recent years, it has become possible to obtain a holistic
view of the mechanics of contraction and relaxation of various myocardial zones
using methods for assessing myocardial deformation. Echocardiographic
(EchoCG) examination of patients with coronary heart disease (CHD) is an
important diagnostic method that allows monitoring the patient before and after
revascularization. IHD can manifest itself in the form of angina attacks, varying in
duration and severity. It should be noted that with angina pectoris, standard
echocardiography may not show changes in the contractile function of the left

ventricle (LV), while with unstable angina, zones of hypo- or akinesis may be
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detected [1]. The study of the effect of CAD on the LV myocardium and the
function of its fibers can be carried out using the Velocity Vector Imaging (VVI)
technology [2-4]. In domestic literature, this technology is defined by the term
“visualization of the velocity vector of myocardial movement” [5]. The contractile
function of the left ventricle is the result of the interaction of longitudinal, radial
and circular fibers. During systole, there is a shortening of the longitudinal and
circular fibers, as well as a transverse thickening of the radial fibers [6]. Indicators
reflecting the function of LV fibers are strain (S) and strain rate (SR) [2]. It is
known that in coronary artery disease, the deformation parameters of the
longitudinal fibers primarily change, since the blood supply to the subendocardial
layers suffers to a greater extent [7]. Dysfunction of radial and circular fibers is
observed mainly in transmural lesions [6, 8, 9].

Purpose of the study: To evaluate the effect of coronary artery disease and
surgical revascularization on the deformity parameters and strain rate of the
longitudinal, circular and radial fibers of the LV myocardium.

Patients and Methods: 450 LV segments were analyzed in 24 people with
coronary artery disease without prior myocardial infarction with coronary
anamnesis 5.7 £+ 4.4 years before and on the 12th day after coronary bypass surgery
(CABG). The mean age was 60.0 & 8.12 years (from 46 to 75 years). According to
PCI data, three-vessel coronary lesions dominated in 19 (76%) patients, two-vessel
lesions were noted in 6 (24%) patients. Damage to the trunk of the left coronary
artery was detected in 7 (28%) patients.

When analyzing the nature of the lesion of the coronary bed in all examined
patients, the predominance of stenoses from 71 to 99% was noted.

Echocardiography was performed on an AcusonX 300 ultrasound scanner
(Siemens) with a 1-5 MHz transducer in B-mode, in duplex scanning mode (color
Doppler mapping and pulsed Doppler sonography). The deformation properties of
the LV myocardium were assessed in the post-processing mode using the Syngo

VVI system, Siemens Medical Solutions USA Inc.
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Results and discussion: Standard EchoCG at rest did not reveal any
dynamics of LV systolic and contractile function.

The study of LV myocardial fiber function using VVI technology began
with an analysis of the average S and SR values of longitudinal, circular and radial
LV fibers. The data obtained showed a decrease in S and a normal SR in the study
of longitudinal fibers.

Analysis of longitudinal fiber function was performed in 450 LV segments
before and after revascularization. Normal S (—19.3 £ 1.19%) and SR (—1.01 +
0.07 s ) LV segments (group 1) and remained without significant changes after
revascularization (S —16.25 £ 6.4% (p = 0.09); SR —1.08 £ 0.5 (p = 0.56)) .

In group 2 (n =211 (46.8%)), low rates S (—9.7 + 4.0%) and SR (—0.59 + 0.2
s—1) increased (S —12.4 £ 5.6 (p = 0.000001), SR —0.89 + 0.4 s—1 (p = 0.000001)),
but did not reach the norm. High S (—25.4 + 4.03%) and SR (—1.91 + 0.8 s-1) in
group 3 (n =56 (12.4%)) decreased so that S reached the norm (S —17.6 £ 6.6 (p =
0.000001)), while SR remained high (—1.31 £ 0.7 (p = 0.0001)).

In groups 4 (n =9 (2%)) and 5 (n = 37 (8.2%)), normal S values (—20.6 +
3.0% and —19.5 £+ 1.1%) were combined with a decrease (—0.81 = 0.05 s—1) and an
increase (—1.44 + 0.25 s—1) in SR. After revascularization, no significant changes
were detected in group 4 (S -17.3 £ 8.0% (p = 0.28); SR -1.22 + 0.58 s—1), and in
group 5, a decrease in S( —15.8 £5.37 (p = 0.0002)) and normalization SR(—1.14 +
0.4 s-1 (p = 0.0006)). In groups 6 (n = 70 (15.5%)) and 7 (n = 39 (8.6%)) with low
S (-12.8 £ 3.2% and —14.3 + 3.1 %) observed normal (—0.97 = 0.25 s-1) and
increased (—1.42 + 0.36 s—1) SR values. After surgical treatment in group 6, S
significantly increased (—14.5 = 5.4 (p = 0.03)), but did not reach the norm, while
the dynamics of SR (—1.03 + 0.5 s—1 (p = 0.4)) is not noted.

In group 7, the indicators remained without significant changes (S —15.2 +
6.9% (p = 0.37); SR —1.2 £ 0.1 s-1 (p = 0.14)). The S score in groups 8 (n =7
(1.5%)) and 9 (n = 2 (0.8%)) was increased (—23.3 = 1.3% and —22.1 £ 0.04 %,
respectively), while SR in group 8 was within the normal range (—1.97 £ 0.06 s—1),

and in group 9 it was reduced (—0.82 = 0.04 s—1). After revascularization, there
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were no changes in S and SR in groups 8 (S —17.21 £ 8.8%, p =0.12; SR —1.24 +
0.6 s-1,p=0.27) and 9 (S —14.18 £ 9.07%, p = 0.43; SR —0.89 £ 0.63 s-1, p =
0.89). Segments with a change in the direction of movement (group 10) were not
detected in the analysis of longitudinal fibers.

Thus, in IHD, most segments (232 (51.5%)) of LV circular fibers have low
deformation properties. However, 218 (48.5%) include segments with normal and
elevated S and SR values (72 (16.0%) and 7 (1.5%), respectively), as well as with
different variants of changes in either S or SR (139 (30.8%)). After CABG, there is
an increase in the number of segments with low S and SR values, which may
indicate a negative effect of surgical treatment on circular fibers. Nevertheless, in
group 2 (low S and SR), there is a significant positive dynamics of deformation
properties. The number of segments with a normal SR value (128 (28.5%))
increases, the normal direction of fiber movement is restored. When analyzing
radial fibers, 10 groups were identified before revascularization. Before (S 28.0 +
4.08%; SR 1.36 = 0.1 s—1) and after surgical treatment in group 1 (n = 44 (9.7%))
SR remained without significant changes (1.46 + 0.5 s—1 (p = 0.24)) , while S
decreased (19.6 + 13.6% (p = 0.0001)). Indicators S (12.5 £ 5.1%) and SR (0.63 +
0.2 s-1) in group 2 (n = 75 (16.6%)) normalized (S 26.3 + 22, 6% (p = 0.000002);
SR 1.59 £ 1.18 s—1 (p = 0.000001)). Increased S and SR (S 58.6 £ 21.5%; SR 2.8 £
1.03 s—1) in group 3 (n = 116 (25.7%)) decreased after revascularization (S 26.9 +
23.4 (p = 0.000001); SR 1.67 + 1.4 s —1 (p = 0.000001)) however, the SR value is
slightly higher than normal.

Our study showed that the analysis of only the average values of the
deformation properties of the LV myocardial fibers does not provide detailed
information about the effect of CAD and CABG on the function of the LV
segments. Thus, the generalized data showed a decrease in S with normal SR of
longitudinal fibers, a decrease in S and SR of circular fibers, as well as a normal
value of S and an increase in SR of radial fibers before revascularization. A similar
analysis of the function of fibers after CABG showed the absence of dynamics in

the deformation properties of the left ventricle. Thus, surgical revascularization
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does not affect LV fiber function. In contrast to the literature data [10-12], a more
detailed analysis of the S and SR function of each segment was undertaken. This
led to the fact that in addition to segments with a decrease in deformation
properties in IHD, there is a significant number of segments with different variants
of changes in S or SR indicators, which, in our opinion, may indicate a
compensatory-adaptive function of LV myocardial fibers.

Conclusions: The effect of coronary artery disease on the LV segments is
expressed not only in a combined decrease or compensatory increase in S and SR
(groups 2, 3), but is also characterized by a variety of options associated with a
change mainly in the S or SR indicator (groups 4-9). Along with this, there is a
change in the direction of movement of LV myocardial fibers (group 10). A
decrease in deformation parameters (S and SR) in patients in response to IHD was
noted in 211 (46.8%) longitudinal segments, in 232 (51.5%) circular and 116
(25.7%) radial LV fibers, while 239 ( 53.2%) segments of the longitudinal, 218
(48.5%) circular and 328 (72.8%) segments of the radial fibers are represented by
normal and increased values of S and SR, as well as different variants of changes
in Sor SR.
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