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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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DYNAMICS OF THE MECHANICAL FUNCTION OF THE LEFT ATRIUM IN PATIENTS 
WITH ISCHEMIC MITRAL VALVE REGURGITATION

Musayev S.A, Gurbanov E.F.
Sceintific center of surgery named M.A. Topthubashov, Azerbaijan Republic, AZ1122, Baku, Sharifzade aven.196, Azerbaijan.

Abstract.
Aim: To assess the left atrium (LA) mechanical function 

in patients with ischemic mitral regurgitation (IMR) using 
technologies of vector analysis of endocardium movement rate. 

Materials and methods: The study enrolled 107 patients aged 
56 ± 7,5 among which 96 men (89,7 %). The entry criteria: I-III 
degree of ischemic mitral regurgitation on echocardiography, 
angiography reveling coronary artery disease requiring surgical 
revascularization, sinus rhythm with the heart rate ranging from 
60 to 89 per minute, superior echocardiography visualization 
of LA endocardium. We hypothesize that atrial changes in 
deformation and deformation rate can be associated with 
severity of regurgitation. The scientific study is prospective and 
cohort non-randomized study.

Results: Values of left atrium mechanical function decline 
proportionally to IMR severity. Longitudinal deformation 
and LA deformation rate reflect link with IMR greater than 
conventional indices used for estimation of LA geometry.

Key words. Left atrium, ischemic mitral valve, regurgitation.
Introduction.

The issues of ischemic mitral regurgitation (IMR) remain 
most relevant in the treatment of patients with coronary heart 
disease (CHD), since even a small degree of IMR is associated 
with an increased risk and poor prognosis [1]. Potentially, 
the assessment of the hemodynamic significance of varying 
degrees of insufficiency in a particular patient and the study 
of its influence on the remodeling of the heart can help in the 
choice of treatment approach. At the same time, heart chambers 
or hemodynamic characteristics, which change due to the direct 
impact of IMR, can be considered effectors of regurgitation 
[2]. One of the main effectors of chronic IMR is the left 
atrium (LA). It is known that an increase in the volume of LA 
is a powerful predictor of mortality, but it is unclear how its 
mechanical function changes, which depends on the overload 
with a regurgitating volume and thus may become an important 
component in assessing the effects of regurgitation [3]. In study 
by Wang Y et al., it has been shown that strain indicators and 
strain rate of LA are earlier and more sensitive indicators of 
volume overload than geometric changes in the atria [4]. There 
are number of studies regarding the changing strain in patients 
with arterial hypertension, CHD, and atrial fibrillation, while the 
contribution of mechanical LA function to the process of global 
heart remodeling in patients with IMR has not been practically 
evaluated. In the literature, there are few data on the mechanics 
of LA in patients with MR during the reservoir and systolic 
phase of the LA [5]. Features of the strain indicators in the other 
phases of the atrium (absorption phase and conduit period) have 
not been evaluated. The features of the functional volumetric 
and mechanical parameters of the LA depending on the severity 

of MR in all phases of the LA activity are not yet described. 
We assume that atrial strain and strain rate may be associated 
with the severity of IMR. The aim of the study is to evaluate the 
mechanical function of the LA in patients with IMR using the 
vector analysis of the movement rate of the endocardium. 
Materials and methods.

The study included 107 patients aged 56 ± 7.5 years old, of 
which 96 (89,7%) are men, hospitalized with coronary artery 
disease at our clinic between 2016-2020. The Ethics Committee 
of the Scientific Center for Surgery approved this study with 
registration number 18 / 12.08. 2016 of the year and all patients 
provided written informed consent. The investigators vouch for 
the accuracy and completeness of the data and for the fidelity of 
this report to the trial protocol, which is available with the full 
text of this article.

The scientific study is prospective and cohort non-randomized 
study. Inclusion criteria were echocardiography showing III-IV 
degree of MR, the presence of coronary artery disease showed 
by angiography requiring surgical revascularization, sinus 
rhythm with the heart rate ranging from 60 to 89 per minute, 
superior echocardiography visualization of LA endocardium. 
The comparison group consisted of 20 healthy volunteers, of 
which men - 10 (50%), aged between 38 to 65 (52.6 ± 13,4) 
years old.   

The study group included 12 (11.2%) patients with functional 
class II angina pectoris, 69 (64.5%) patients with functional class 
III angina pectoris and 26 (24.3%) patients with functional class 
IV angina pectoris. The time from the onset of symptoms of IHD 
was 4.5 ± 3.3 years. The number of patients who underwent a 
Q-wave myocardial infarction was - 68 (63.6%), anterior with 
a Q-wave - 21 (19.6%), repeated myocardial infarction - 18 
(16.8%). Symptoms of heart failure of II functional class were 
registered in 12 (11.2%) patients, III functional class in 64 
(59.8%) patients and IV functional class in 31 (29.0%) patients. 
21 patients (19.6%) had concomitant diabetes mellitus type 2, 
and arterial hypertension was detected in 60 (56%) patients.

Patients received conservative therapy that complies with 
current guidelines for treatment of IHD such as acetylsalicylic 
acid, statins, beta-blockers, angiotensin-converting enzyme 
inhibitors [6]. All patients underwent a complex of clinical, 
laboratory and instrumental examinations (ECG, general 
and biochemical blood tests, coagulation parameters, chest 
X-ray, 24-hour ECG monitoring, echocardiography, coronary 
angiography). All the patients underwent echocardiography 
examination using Accuson S2000 equipped with a 4V1c probe. 

The severity of the IMR was assessed by several quantitative 
parameters, including the measurement of the width of the 
proximal regurgitation jet (vena contracta, VC, average 0.52 ± 
0.21 cm for the group), the index of the area of the regurgitation 
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flow (percentage of the jet relative to the area of the LA, 
the average MR value is 28.7 ± 11.5%,) [7]. The mean end-
diastolic volume (EDV) in the study group was 116.3 ± 26.2 
ml, the LV ejection fraction (EF) – 43.0 ± 11.2%, the maximum 
volume of LA - 78.5 ± 26.5 ml, the average pressure in the 
pulmonary artery was 26.5 ± 10.2 mmHg. All the patients in the 
comparison group had no MR as shown in echocardiography 
and all the echocardiographic data corresponded to the normal 
[8]. For echocardiographic examination of the LA following 
indicators were evaluated characterizing the geometry 
(volumes), the function (volume change), and the mechanics 
of the LA (longitudinal deformation and strain rate). To study 
the function of the LA, the fraction of passive emptying as a 
characteristic of the conductor function, the fraction of active 
emptying (as a characteristic of the pumping function), and also 
the expansion index of the LA as an indicator of the reservoir 
function were evaluated [9]. Vector analysis of the longitudinal 
strain (strain, S %) and strain rate (SR) of the LA was carried 
out on the basis of a dynamic assessment of a two-dimensional 
echocardiographic image using the patented Speckle Tracking 
Syngo VVI technology.

SR and S were studied during the four phases of the LA activity: 
1) the reservoir phase or the accumulation period, characterizes 
the flow of blood from the pulmonary veins during LV systole, 
when the mitral cusps are still closed; data acquisition was 
performed from the opening of the aortic valve cusps to the 
opening of the cusps of the mitral valve synchronously with 
the ECG: from the beginning of the ST segment to the end of 
the T wave; 2) conduit phase associated with the flow of blood 
from the LA to the LV during its early diastole, the values 
were recorded from the opening of mitral valves until the end 
of the diastasis, synchronously with the ECG: from the end of 
the T wave to the beginning of the P wave; 3) the contractile 
phase or the period of atrial systole, displays the active flow 
of blood from the LA to the late LV diastole, measurements 
were performed from the beginning of the P wave to the R wave 
on the ECG; 4) the absorption phase reflects the flow of blood 
from the pulmonary veins and the filling of the LA in the early 
LV systole, estimated from the closing of mitral cusps to the 
opening of the aortic valve cusps, which corresponds to the 
period from the peak of the R wave to the end of the S wave on 
the ECG [10].

Statistical analysis of the data was carried out using Statistica 
8.0. Сorrelation analysis was carried out. For the description of 
quantitative data, the values of mean M and standard deviation 
SD were used. The evaluation of the statistical significance 
of differences p between the groups was carried out using 
parametric criteria with a normal distribution of the trait — the 
two-sample Student's t-test for comparisons of means (M ± SD).

Scientific research funded by the Scientific Center of Surgery. 
No conflict of interest declared.
Results.

Maximum (78.5 ± 26.5 ml), minimum (53.4 ± 22.2 ml) and 
P-volumes of the left atrium (66.3 ± 24.6 ml) significantly 
differed in the patients of the study group and in the comparison 
group (47.6 ± 10.2 ml, 31.4 ± 8 ml, 38.8 ± 8.1 ml, respectively). 
Only a moderate direct correlation was found between the 

volumes of the LA and the MR area index of the flux (Rs = 
0.46 for the MR and the maximum volume of the LA, Rs = 
0.5 for the minimum, Rs = 0.45 for the P-volume of the LA). 
The fraction of passive emptying of the LA in the comparison 
group was significantly higher than in patients with MR, which 
indicates a decrease in atrial conduction function in patients with 
İMR (26.5 ± 10.3% versus 15.3 ± 8.2%). A moderate inverse 
correlation was found between the index of the area of the flow 
of the MR and the fraction of passive emptying of the LA (Rs 
= –0.55). The larger is MR, the smaller the volume of fluid 
flowing through the LA into the LV during the conduit phase 
of the atria, thereby reducing the contribution of the atrium to 
the LV stroke volume, therefore, to the LV systolic function. 
A moderate direct correlation was found between the fraction 
of passive emptying and LVEF (Rs = 0.46), which indicates a 
moderate association between LA and LV dysfunction. 

The fraction of passive emptying which reflects pumping 
function of LA was significantly reduced in patients with MR 
compared with the control group (22.4 ± 9.9% versus 28.1 ± 
7.3%). There was a mild inverse correlation between the fraction 
of active emptying of the LA and MR (Rs = –0.27). The LA 
expansion index characterizing the atrial reservoir function was 
significantly higher in the comparison group (patients with MR 
0.8 ± 0.5 versus 2.47 ± 0.8 in the comparison group. There was 
a strong inverse correlation between the LA expansion index 
and the index of the area of the flow of the MR (Rs = –0.76) 
which confirms the deterioration of the atrial reservoir function. 
When analyzing differences in the functional parameters of the 
LA depending on the degree of MR we found the absence of a 
significant difference in the fraction of passive emptying of LA 
between patients with moderate and severe MR (with second 
degree MR 13.9 ±8%, with third degree MR 14.8 ±7.2%).

However, when indexing the obtained data to the corresponding 
volume of the LA, significant differences were found (S in the 
group with MR –2.8 ± 0.7% / 10 ml of the maximum volume 
of the LA, in the comparison group - 7.5 ± 1.2% / 10 ml of the 
maximum volume of LA), which confirms the hemodynamic 
significance of chronic overload with regurgitating volume 
of blood of LA. Longitudinal systolic deformation of LA was 
significantly reduced in the contractile phase (in patients with 
MR –3.6 ± 2.3% versus –12.4 ± 1.8% in the comparison group) 
and in the absorption phase (in patients with MP –1.2 ± 0.3% 
versus –0.44 ± 0.7% in the comparison group, p <0.05). In the 
conduit phase, the deformation was minimal both in patients 
with MR and in the comparison group, but paradoxically larger 
values were recorded in patients with MR than normal (–0.37 
± 0.2 and –0.1 ± 0.17%, respectively). A pronounced direct 
correlation of S in the systolic phase of the LA and MR (RS = 
0.88), moderate S in the conduit phase and MR (RS = 0.5) and 
inverse correlation S in the phase of absorption and MR (RS = 
–0.58), S in the reservoir phase and MP (RS = –0.5).

We analyzed indicators S of LA depending on MR. The 
maximum differences were found in individuals without MR 
and in patients with minor MR during the systole of LA (–12.4 
± 1.8% vs. –6.5 ± 2.2%, p <0.05, respectively) and during the 
absorption phase ( –0.44 ± 0.7% vs. –1.1 ± 0.07%, p <0.05, 
respectively), as well as between patients with mild and 
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moderate MR (S during the period of LA systole in patients 
with MR Grade I ––12.3 ± 2.8% versus ––6,5± 1,4 % with MR 
of Grade II; S during the  absorption phase with MP of the I 
degree ––1.8 ± 0.07 % versus –1.4 ± 0.07). Similarly, to the 
indicators of SR between patients with moderate and severe 
MR, no differences in S values were found in all phases.

In contrast to previous studies of mechanical function of LA, 
which evaluated only the peak positive longitudinal S and SR 
(as indicators of the accumulation period) and the peak negative 
S and SR (as indicators of the systolic phase of the LA), we 
attempt to give a comprehensive assessment of the atrial activity 
along with the contribution of the conduit and suction phase. 
Thus, the deformation values obtained during the period of 
blood flow from the LA to the LV in the normal state more 
reflect LV function than the LA function. But, as demonstrated 
in our study, the presence of chronic İMR significantly changes 
the deformation rate of LA in the conduit period proportionally 
to the severity of regurgitation (which is confirmed by a direct 
correlation of MR and SR during this phase). Deformation in 
patients with minor MR in the conduit phase are minimal, and 
in patients with moderate and severe MR, they are close to zero 
during the entire phase. Consequently, the LA in the conduit 
period in patients with moderate and severe MR in terms of 
deformity functions as a “passport” with minimal S and SR 
values even during the early filling of the left ventricle. With 
inhibition of the deformity in the systolic phase of the LA, it 
becomes clear that the mechanical contribution to the filling 
of the LV is significantly reduced, despite the increase in the 
maximum volume of the LA. Perhaps these changes are related 
to the processes of structural remodeling of the atrium and loss of 
elastic properties due to chronic overload with the regurgitated 
blood volume. The changes  of the deformation we detected in 
the absorption phase were multidirectional in the control group, 
patients with minor regurgitation and patients with III – IV 
degree of MR. Deformation in this phase is close to zero, which 
is normal (in the control group S –0.44 ± 0.7). The presence 
of more negative results of deformation in patients with MR 
(–1.3 ± 0.07%) during this period remains unclear. In patients 
with III and IV degree of MR, the deformation values were even 
lower than in patients with mild MR.  It is possible that due 
to atrial remodeling caused by MR, since the deformation was 
recorded synchronously with the ECG (from the R-wave to S), 
from the view of  electrical processes, this was already the phase 
of LA absorption, and from the point of view of mechanics, the 
end of the LA systole period. It is because of the complexity of 
differentiation of the onset of the phases most researchers prefer 
to ignore this phase and not to study its features.

Normally, during the phase of the LA reservoir (towards the 
end of the LV systole), the maximum (among all LA phases) 
positive deformity is recorded, which is accompanied by 
the greatest increase in atrial volume. The reservoir period 
depends on the preload conditions and is fundamentally volume 
dependent. This means that the deviation of the mechanical 
characteristics from the normal range is related to the additional 
volume appearing in the atrium during this period (i.e., directly 
from the MR). The data obtained by us can be explained by 
taking into account the mechanical and functional changes 

along with all phases of the LA. With a mild degree of MR, 
there was an increase in the active volume of the LA, due to 
which, in patients with stage I of MR, the fraction of active 
emptying remained within normal limits and compensated for 
the mechanical synergy. But with a moderate and pronounced 
degree of IMI, indicators characterizing contractility were 
decreased. Similarly, to the classical Frank – Starling curve 
after a certain “threshold” volume of chambers further growth 
of contractility does not occur: it begins to decrease. In our 
study, this “threshold” was not the atrial volume, but the LA 
expansion index, which functionally characterizes the reservoir 
phase. A correlation was found between the expansion index 
and the fraction of active emptying of the LA (Rs = 0.70), the 
expansion index and the deformation rate of the LA in the 
reservoir phase (Rs = 0.63). 

In this study, we demonstrated the importance of analyzing 
mechanical data (SR and S in patients with IMR) for complex 
assessment of the function of LA, along with traditional 
geometric parameters. Atrial activity can be interpreted not only 
from the standpoint of changes in atrial size and volume, but also 
on the basis of the evaluation of the mechanical properties of 
LA. Particularly noteworthy is the identification of a significant 
difference in SR inhibition between patients with mild and 
moderate MR and uncertain differences in SR indices in patients 
with moderate and severe MR. The results obtained probably 
indicate comparable ultrastructural changes in the atria that 
occur with chronic volume overload of MR from grade II and 
higher. Further detailed study of the dynamics of the mechanical 
function of the LA in patients with MR may be a promising and 
useful tool in assessing its hemodynamic significance and in the 
choice of surgical approach for additional intervention on mitral 
valve with IMR.
Discussion.

The novel metric of ECG PL identifies patients with fewer 
(≤3) or greater numbers of stable rotors/focal sources for AF, 
validated by intracardiac FIRM mapping, and localized them 
to right or left atria. These data open the possibility of using 
12-lead ECG analyses to classify AF mechanistically and plan 
procedures for right-or left-sided FIRM ablation. At the same 
time, the obtained data allow the normal reference ranges for the 
three components of left atrial function to be demonstrated. The 
between-study heterogeneity is explained partly by heart rate, 
body surface area, and sample size.

The qualitative assessment of LA deformation and its practical 
value has been the subject of discussion in the last decade. Pathan 
F, et al showed that LA deformation is reciprocally associated 
with LV deformation, in other words, all mechanical processes 
in the atrium are only a mirror reflection of LV deformation and 
are more dependent on movement of the annular plane of LV 
systolic and diastolic functions [11].

However, further studies showed significant limitations of 
these data, demonstrating the significance of atrial contribution 
(systolic negative deformation) in the formation of an adequate 
preload of the LV and the contribution of reservoir phase 
(diastolic positive deformation of the LA) in the formation of 
the LV stroke volume [12]. In addition, the conduit function of 
LA depends on afterload, largely determined by the pressure 
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in the receiving chamber which is LV, which increases as the 
diastolic stiffness and systolic dysfunction of the LV increases 
[13]. Of course, the conduit period is difficult to evaluate, since 
it is biphasic: during the beginning of early filling of the LV, 
atrial deformity is minimal, but the deformation rate is highest, 
however in the second period, we witness the plateau, when both 
the deformation and the deformation rate are close to or equal to 
0.  As well as other authors was good interobserver agreement 
of LA strain values between novice and expert. SR values also 
demonstrated good interobserver agreement. Of all parameters, 
SR-LA had the best interobserver and intraobserver agreement. 
Global LA strain and SR values were highly reproducible by 
novice strain reader using multi-vendor analysis software. 
Interobserver reproducibility between novice and experts was 
good and acceptable within limits of agreement. Lau DH, et al., 
showed that a decrease in S and SR is an independent predictor 
of ultrastructure changes in LA, in particular interstitial fibrosis 
[14]. Consequently, a decrease in deformity into the conduit 
phase of LA may be considered an effector of hemodynamic 
significance of MR. Several authors indicated the reduced SR 
and S in the atrial systole are associated with the severity of 
regurgitation [15].
Conclusion.

Echocardiographic parameters of the mechanical function of 
the left atrium change in accordance with the severity of the 
ischemic mitral regurgitation. Indicators of strain rate and 
strain of the atrium mainly depend on the degree of mitral 
regurgitation, while conventional indicators of geometry and 
function of left atrium are less dependent on the magnitude 
of regurgitation. In proportion to the severity, ischemic mitral 
regurgitation is associated with mechanical remodeling of 
the atrium, concomitant with changes in strain and strain rate 
values in left atrium activity. In terms of the degree of changes 
in strain and strain rate against the background of moderate and 
pronounced ischemic mitral regurgitation, there are no special 
differences; this confirms the significance of even a moderate 
degree of regurgitation for the processes of mechanical left 
atrium remodeling.
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