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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.




O3BMAHMS LodIMORRIS(MR!

Mgsd3osdo LHsGool Fomdmeagbolols bako®ms ©sgoigemn dgdwogyo Fabgdo:

L bAo@os 9bps Fo@dmawyobmm 2 3o@ms@, Gyl ob 0byaoliy® 9bgdbg,odgdooao
LAobos@Bgmo gyamol 1 a390©0bg, 3 13 Logsbol dodibgbs ggenols o LE®0Jmbgdls
doeol L5 06@g@gomols @og0m. 30dmygbgdyemo 3md30y@gageo dBogdo dgbyen ©s oby-
@oliy®gbmgob Gg9dbEgddo - Times New Roman (Kupuumna),boaoem Jodmgagbmgeb @gJl@do
Lako®ms godmgoygbmo AcadNusx. IHogBol bmds — 12. LEsGool msob gbps sbanwgls CD
LEs@oom.

2. LASA00L JMEPEPMds 5O Yoo Fgoygbgl 10 y39MDbY bogergdls ws 20 ag9Mbg dgBb

0@ gO5@@olL ool s Ggboydggools (0byeoliy®, dyligan ©s Jo@myen gbgdbyg) homganom.
3. LAs@0sdo Loko®ms godydogl: bogombol sd@uommds; 3genggol dobsbo; bisggenggo

doboans o 253mygbgdygero Igmnmegdo; Jowgdymmo g gagoo s domo goblbyxs. 9Jldg@modgb-
Ayo babosmol bEs@ogdols Fo@dmoagbolisl s3@m®gdds gbos dogmommb Lsgdldg@modgb@m
3bmggegdols Lobgmds s GomEgbmds; oY@ 0g3oMgdols s wodobgbol Jgmmwagdo (3§ 3539
3950l 30MmMbdgddo).

4. LGOSl mob Pbs osbergl Mgboydg obyeoliy®@, Hylyge s Jodmyga 969Dy
sMobogegd bobggo®o gg9@w@ols JmEgmmdols (bosmsyg®ol, sg@mmdgdols, ©sfglgoyengdols
domomgbom ©s gbs dgoogrgl dgdmgy 3obymuomgdgdl: dobobo, dsbsms ws dgmmegdo,
Ygga9d0 s ©obliggbgdo; BgJb@usm o bsfomo s@ ¢bws ogmlb 15 LE®oJmbbyg bsjengdo)
> boggobdm Lo@dyggdol hodmbomgsgro (key words).

5. gb®oggdo Loko®ms [o@mdmowaobmon bsdgdwo Lobom. yggans 0x3@dyano, dgdo-
X03909@0 s> 30M396G Y0 Inbo3gdgdo ¥bs dgglodsdgomegl BgJl@do dmygeboanl.

6. BOGHOLYOsMgdo 9bes ogml 3mbE@sbEymo; Ly®dsmgdo, bobsbgdo, wosg®sdgdo
- obomoy@gdymo, obmdMomo s Lomobo@m seaomsl holidymo. @gbBagbma®sdgdols
BOAMsbangdo Fo@Imoaobgm 3mbo@oygdo yodmbobymmgdom tiff gm®ds@do. dogHmagm@m-
byg@omgdols Fo@fgdgddo Lododms dogmommm mggms@ol ob mdogd@ogol Lodygsmgdom
35000950L ba@olibo, sbomsagdols dgmgdgols ob 033G 9abs300L dgmmo s s@bodbmm Liy-
om0l bgs s Jggos bofoagdo.

7. Lododgeom 5gBmagdols 2300900 LEsE05T0 s@0obodbgds 0boiosmgbols msbps®mgom,
93beg@ols — giEbomy@o GESbLIM0 3E00m.

8. LASHOSL Mob yYbws shanwgl sgBMMols Jogd asdmygbgdyero Lsdsdyerm s yiEbm-
9@0 dOMIgdol dodenoma®sgoygmo bos (dmam 5-8 Faol Low®dom). sbdsby®o Fymdom
Fomdmpagboan  bodgoma®sgoyge Losdo dogmomgmn xg® Lodsdygarm, dgdwgy gibmgero
530™@950 (23500, 06005 gbo, LEASG00L Lomsy®o, gy@bsgol slbsbgagds, aodmzgdols
s 00, (gao, g9@bsgnol Ne, 30039em0 05 dmgrm a39M©gb0). Jmbma@sgools dgdmbgggsdo
dogmomgmn  2sdmigdol [gmo, saomo o 2390©gd0l Loghmm @omwgbmds. &9JL@Edo
33o005H e ghboggddo 9bos Joymommm s53@mEA0L dglodsdolo N @o@g@s@yg@ol bools
dobggom. dobsbdgfmbogoos, M3 3000 0o Tyodmgdols 9dg@gbo bsfogro ogml 5-6
Jeool Low®dol.

9. LAGOSL Mmob Ybs Sbargl: o) sglgoymgdol ob LodgiEbogdm bgarddwgsby-
ol (odwyobgds, ©sdm{dgoygmo byandm(g@oms ©s dgkoom; &) odgol b3gEzos@mol@ol
sdm{dgogmo Mg3gbbos, MMIgendoz Jomomgdyao 0dbgds Lsgombols @ gogmds, dsbsgols
Lo 3domds, 3g0meEols Lobpmmds, dgogagdols bodgiEbogdm-3@sd@oggeo 360dgbganmds.

10. LEs@ool dmeml bako®ms gggems sgBm@ols bgandm§gds, @mdgamms Homegbmds
o 9bws s@gdo@gdmogls 5-L.

1. @gesdios 0@mggol ggwgdsl dgobfmaml LEs@os. Bgdbdby Igdomds s dg-
X9M90> begds Losgdm@am m@ogobsaols dobgwgom.

12. ogdg9dgmos Mgosdosdo olgmo LEs@ool [omoagbs, Gmdgamoi obsdgkoae
Jodagboano ogm bbgs GgosdiEosdo b a0dmdggybgdgao ogm bbgs aodmzgdgddo.

SMDO 0 0 SMQ oL o S dO LBLEOOHO 0O o SD0OLO O.
@bodbygao Fgbgool o@rgggol dgdmbgggodo bpspogdo oG yobobogngd




GEORGIAN MEDICAL NEWS
No 6 (339) 2023

Coodeporcanue:

Tsitsino Abakelia, Ketevan Lashkhi, Sophio Kakhadze.
BRIDGING GAP BETWEEN PRE AND POSTOPERATIVE PROSTATE BIOPSIES: PI RADS CORRELATION WITH FINAL

Sopio Gvazava, Vladimer Margvelashvili, Nino Chikhladze, Diana Dulf, Corinne Peek-Asa.
A RETROSPECTIVE STUDY OF THE MAXILLOFACIAL INJURIES IN TWO EMERGENCY DEPARTMENTS IN TBILISI,
GEO R GI A . ... e e ———————— 13-19

Eraliyeva B.A, Paizova.M.K, Almakhanova A.N, Erkinbekova G.B, Nurgazieva G.Y, Tyndybay S.S.
EXPENDITURE ON MEDICINES IN A MULTIDISCIPLINARY HOSPITAL IN ALMATY BASED ON ABC /VEN ANALYSIS........ 20-23

Tchernev G.

NITROSOGENESIS OF SKIN CANCER: THE NITROSAMINE CONTAMINATION IN THE CALCIUM CHANNEL BLOCKERS
(AMLODIPINE), BETA BLOCKERS (BISOPROLOL), SARTANS (VALSARTAN/LOSARTAN), ACE INHIBITORS (PERINDOPRIL/
ENALAPRIL), TRICYCLIC ANTIDEPRESSANTS (MELITRACEN), SSRIS (PAROXETINE), SNRIS (VENLAFAXINE) AND
METFORMIN: THE MOST PROBABLE EXPLANATION FOR THE RISING SKIN CANCER INCIDENCE.........cccccccevvevienenn.......24-32

Kachanov D.A, Karabanova A.V, Knyazeva M.B, Vedzizheva H.Kh, Makhtamerzaeva H.S, Ulikhanian E.G, Gukoyan A. A, Galdobina V.A,
Dimakov D.A, Shakirianova A.V.
INFLUENCE OF PROFICIENCY OF SYNTHETIC FOLIC ACID ON THE NEUROLOGICAL SYMPTOMS OF RATS.............c.... 33-36

Zamzam AR. Aziz, Entedhar R. Sarhat, Zaidan J. Zaidan.
ESTIMATION OF SERUM FERROPORTIN AND LIVER ENZYMES IN BREAST CANCER PATIENTS.....cocoveviiieieieieceeeeveeeeaea e 37-41

Tereza Azatyan.
THE RHEOENCEPHALOGRAPHIC STUDY OF THE INTERHEMISPHERIC ASYMMETRY OF CEREBRAL BLOOD FLOW IN
HEALTHY AND MENTALLY RETARDED CHILDREN.......cociiiiiiiiiiiiiiii e eeeeenennen e e e oo 0 0 4240

Ahmed T. Jihad, Entedhar R. Sarhat.
ALTERED LEVELS OF ANTI-MULLERIAN HORMONE AND HEPCIDIN AS POTENTIAL BIOMARKERS FOR POLYCYSTIC OVARY

L.V. Darbinyan, K.V. Simonyan, L.P. Manukyan, L.E. Hambardzumyan.
EFFECTS OF DIMETHYL SULFOXIDE ON HIPPOCAMPAL ACTIVITY IN A ROTENONE-INDUCED RAT MODEL OF PARKINSON’S

Labeeb H. Al-Alsadoon, Ghada A. Taqa, Maha T. AL-Saffar.
EVALUATION OF PAIN-KILLING ACTION OF ACETYLSALICYLIC ACID NANOPARTICLES ON THERMAL NOCICEPTION IN

Olesia Kornus, Anatolii Kornus, Olha Skyba, Iryna Mazhak, Svitlana Budnik.
FORECASTING THE POPULATION MORTALITY RATE FROM CARDIOVASCULAR DISEASES AS A CONDITION OF THE
ECONOMIC SECURITY OF THE ST ATE. ... e e e e e e ettt see et te e e ste e s re e sveestnessrnee s e e e e a s . 02200

Saif K. Yahya, Haiman A. Tawfiq, Yasir Saber.
STIMULATION OF B3-RECEPTOR-INDUCED CENTRAL NEUROGENIC EDEMA AND VITIATED ELECTROLYTE HOMEOSTASIS

IN EXPERIMENTAL RODENT MODEL. .....ciiiiiiiiiiiiiiicece ettt sttt st eveeteebeeaeessassaesssesseessaesseesseesseese s s anesnsnsessensensensensa07=70
M.A. Babakhanyan, V.A. Chavushyan, K.V. Simonyan, L.M. Ghalachyan, L.V.Darbinyan, A.G. Ghukasyan, Sh.S. Zaqaryan, L.E.
Hovhannisyan.

PRODUCTIVITY AND SELENIUM ENRICHMENT OF STEVIA IN HYDROPONIC AND SOIL CULTIVATION SYSTEMS IN THE

Ezzuldin Yaseen Aljumaily, Ali R. Al-Khatib.
HARDNESS AND ELASTIC MODULUS ASSESSMENT FOR TWO ALIGNER MATERIALS BEFORE AND AFTER
THERMOCYCLING: A COMPARATIVE STUDY ...ttt ettt ettt e et e et e e et e et e eeeaeneneenenenenaenenenns 1182

Tchernev G.

NITROSOGENESIS OF CUTANEOUS MELANOMA: SIMULTANEOUSLY DEVELOPMENT OF PRIMARY CUTANEOUS THICK
MELANOMA OF THE BREAST, THIN MELANOMA/ DYSPLASTIC MOLE OF THE BACK DURING PARALLEL INTAKE OF
BISOPROLOL, AMLODIPINE AND VALSARTAN/ HCT: NITROSAMINE POLYCONTAMINATION IN THE MULTIMEDICATION AS
THE MOST POWERFUL SKIN CANCER TRIGGER....... ...ttt ettt et e e et e e . 83-88

Manish Tyagi, Uzma Noor Shah, Geetika Patel M, Varun Toshniwal, Rakesh AshokraoBhongade, Pravesh Kumar Sharma.
THE IMPACT OF SLEEP ON PHYSICAL AND MENTAL HEALTH: IMPORTANCE OF HEALTHY SLEEP HABITS.................... 89-94

Musayev S.A, Gurbanov E.F.
DYNAMICS OF THE MECHANICAL FUNCTION OF THE LEFT ATRIUM IN PATIENTS WITH ISCHEMIC MITRAL VALVE



Abrahamovych Orest, Abrahamovych Uliana, Chemes Viktoriia, Tsyhanyk Liliya, Mariia Ferko.
INDICATORS OF BONE METABOLISM IN PATIENTS WITH RHEUMATOID ARTHRITIS WITH IMPAIRED BONE MINERAL
DENSITY: CHARACTERISTICS, THEIR FEATURES AND DIAGNOSTIC VALUE..........ciiiiiiinieiiiceenenenenenenree e e eeenn .. 99-104

Jagdish Kumar Arun, Ashok Kumar Singh, Shashidhar ES, Geetika M. Patel, Yogita Verma, Samir Sapcota.
THE ROLE OF IMMUNOTHERAPY IN CANCER TREATMENT: CHECKPOINT INHIBITORS, CAR-T CELLS, AND VACCINES....... 105-112

L.G. Buinov, L.A. Sorokina, S.N. Proshin, N.A. Fedorov, M.N. Magradze, A.B. Shangin, S.V. Alekseev, T.V. Kot, P.A. Torkunov.
A METHOD FOR IMPROVING THE PROFESSIONAL PERFORMANCE AND RELIABILITY OF PERSONS DRIVING HIGH-SPEED

Bhupesh Goyal, Sandeep Bishnoi, Suphiya Parveen, Devanshu Patel J, Yasmeen, Anupama Nanasaheb Tarekar.
MANAGING ARTHRITIS PAIN: MEDICATIONS AND LIFESTYLE CHANGES. ... ... iccncnenesenenee e 1172122

Sergienko Ruslan, Vovchenko Anna, Kravchuk Lyudmila, Zinchenko Vitaliy, Ivanovska Olha.
ANALYSIS THE RESULTS OF SURGICAL TREATMENT AND EARLY REHABILITATION OF PATIENTS WITH MASSIVE TEARS
THE ROTATOR CUFF THE SHOULDER ... ..ottt e se e ete e e s essessessessesreseesnesensensennes o2 1 237128

Gulyaeva K.V, Fokin M.S, Kachanov D.A, Karabanova A.V, Dzhanbekova K.R, Zablotskaya P.Yu, Magomedov Sh. A, Gadzhiev M.B, Alilov
A.A, Idiatullin R.M.

NEURODEGENERATION AND N D A . Lottt e e e ettt e et e et e et et et ettt e e eaeaaens 129-136
Dilshad Ahmad Usmani, Kavina Ganapathy, Devanshu Patel J, Anchal Saini, Jaya Gupta, Shalini Dixit.

THE ROLE OF EXERCISE IN PREVENTING CHRONIC DISEASES: CURRENT EVIDENCE AND RECOMMENDATIONS.........137-142
Tchernev G.

Controversies and paradoxes in melanoma surgery: consolidating two surgical sessions into one and sparing the sentinel lymph node- a possible
guarantee Of TECUITENCE-TEE SUTVIVAL ... ... ittt et ettt b e e bt eb e bt eh e e st e st et e st e s besbesbeebeebtestenbenbenbeabeann e e e et ene 143-146



GEORGIAN MEDICAL NEWS
No 6 (339) 2023

DYNAMICS OF THE MECHANICAL FUNCTION OF THE LEFT ATRIUM IN PATIENTS
WITH ISCHEMIC MITRAL VALVE REGURGITATION
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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-111
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
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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 II-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 Il angina pectoris, 69 (64.5%) patients with functional class
IIT 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 4V 1c 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. Correlation 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

96

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
IMR (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



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 IMR 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 IIT 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
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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



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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