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Pe3tome. M3ydyeHne nepecTpoiiku opraHniMa OepeMeH-
HOH >KEHIIMHBI C TOYKH 3PEHUSI TEOPUH (PyHKIIMOHAIBHBIX
CHCTEM SIBISIETCSI HEOOXOMMBIM ISl TTIOJTHOTO MIPE/ICTaBIe-
HUS O (OPMHPOBAHUM aJANTHBHBIX HpoueccoB. OcoOblit
UHTEpPEC MPEJCTaBISICT OEPEMEHHOCTh, BO3HHKIIAS B pe-
3yIIBTaTe AKCTPAKOPIIOpanIbHOTO orutomorBoperus (DKO).
Llenv uccnedosanus: OUCHUTH aNaNTALMOHHBIE BO3MOXK-
HOCTH OPraHU3Ma KEHIIUH C (PH3HOJIOTNIECKH BOSHUKILICH
0EepPEMEHHOCTBIO U MIPU IKCTPAKOPIIOPAJILHOM OILIOIOTBO-
peann. Mamepuanst u memoovt. OOBEKT UCCIIEIOBAHUS:
KJIMHUYECKH 37I0pOBbIC KEHIIMHBI JI0 HACTYIUICHHS Oepe-
MEHHOCTH U B TIepBoM TpumecTpe (I-s rpymma), maruenT-
KU C TpyOHO-IIEpUTOHEAIbHBIM OECIIONNEM Ha 3Tarle IJia-
HUpoBaHus U nocie 3¢pexruBHoi npouexypsl IKO (1I-1
rpynma), *KeHIMHbl ¢ Heynadnoi nonbiTkod KO (II-s
rpynma). [IpoBeneHo nccnenoBanue GyHKIMOHATIBLHOTO CO-
crostaust CCC GepeMeHHBIX C PacyeToM aIanTaliOHHOTO
niorenirana (All) mo P.M. baeBckomy. /lana orienka pery-
JSILMM BET€TaTUBHOW HEPBHOM cucTteMbl — nHuIeKe Kepro
(MK). OmpeneneHo cOCTOSIHUE PETYIISTOPHBIX CHCTEM C TO-
Moo uHzekca crpecca (o JI.X. I'apkaBu ¢ coasr.). Pe-
3yibmamol. Y TAIMEHTOK ¢ (PU3MOJIOTMYECKON OepeMeH-
HOCTBIO OTMEUAIIOCh HAINPSDKCHUE aJanTaldOHHBIX peak-
LU IPY BIMSHUM HA CEPIEUHO-COCYIUCTYIO CUCTEMY CHM-
NaTHYECKOTO OT/ENA BEreTaTHBHONW HEPBHOU cHUCTEMBI. 3a-
KJllouenue: JOCTOBEpHBIC OTINYUS U3YUYCHHBIX IOKa3aTe-
Jel y skeHUIMH ¢ HedpdekTuBHoW mporpammoit KO Ha
JTarne TIAHUPOBAHUSI OEPEMEHHOCTH MOTYT UMETh BOKHOE
IIPOTHOCTUYECKOE 3HAYEHHE [UISl ONPEAEICHHS TAKTHKU Be-
JICHUSI ALIUCHTOK.
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Beenenue

M3yuenune mepecTpoiku opraHu3Ma OepeMEHHOU >KEH-
LIMHBI ¢ TOYKH 3pEHHS TEOPUH (DYHKLMOHAIBHBIX CUCTEM
SIBIISIETCS. HEOOXOIUMBIM AJISI MOJHOTO MPECTABICHUS O
(dopMupoBaHMK afanTHBHBIX TpoueccoB [1]. Bo Bpems
OepeMEeHHOCTH, B TOM WJIM MHOW CTENICHH, IPOUCXOAMT H3-
MeHeHHe paboThl BceX cucTeM opranusma. Hosas QyHK-
LMOHAJIbHAS CHCTEMA «MaTh-TIJIAIIEHTa-TIIO TTOPOKIAET
BO3HUKHOBCHHE U3MEHEHUH, HAIIPABJICHHBIX Ha JOCTIDKE-
HUE TOJIE3HOTO MPUCIIOCOOUTENIFHOTO PE3ybTaTa — POXK-
JICHHE 37I0pOBOTo pedéHka [2, 3].

Y4uuThIBas BHICOKYIO 4acTOTY OSCTIOAHS B MOMYJSIHN
1 IIMPOKOE PacHpOCTPaHEHUE BCIIOMOTATEIbHBIX PENpo-
JOYKTUBHBIX TEXHOJIOTHH, OCOOBIII MHTEpecC IpencTaBisi-
eT OepeMEHHOCTb, BOSHMKILAS B PE3yJbTaTe 3KCTPAKOP-
nopansHoro omnoporsopeHust (OKO). Ha coBpemenHom
aTane nojoxurenabHble pesynsrarel OKO B Poccun ne
npeBbiaoT 40%, 4To ABIASETCS HE TOJBKO COLHUAIIBHO-
neMorpaduieckoi, MEAMIMHCKOW, HO U TOCYAapCTBEH-
HOlt mpoOnemoii [4]. DPpdekTHBHOCTE (HUHAHCOBBIX 3a-
TpaT OTPaXKaroOT UCXOJbI IPOBEIECHHBIX IPOTpaMM. B cBs-
31 C 3TUM H3yUYeHHE (PyHKIHOHAIBHBIX 0COOCHHOCTEH Op-
raHu3Ma KeHIIUH ¢ (PU3HOIOTHYECKOi OEpEMEHHOCTBIO 1
nociie DKO siBisiercss HeOOXOMMbBIM KaK JIJIsl TSOpeTHYC-
CKOH, TaK M I IPAKTUIECKON METUIMHBI, YTO U OTIpeie-
JISIeT aKTyaJIbHOCTh TAHHOM PaboThI.

Leab padoThl: OLEHUTH aJaNTallOHHBIE BO3MOXXHOCTH
Opranu3ma XCHIIUH ¢ (PU3NO0IOrHYEeCKH BO3HUKIIEH Oepe-
MEHHOCTBIO U TIPH SKCTPAKOPIIOPATHHOM OIUIOJOTBOPEHUH.

MatrepuaJjibl H METOAbI HCCJICIOBAHHUS

OOBEKTOM HCCIEOBAHUS SIBUJIHCH KIIMHUYECKHU 3/10PO-
BBIC JKCHILUHBI JI0 HACTYIUICHUS OCPEMEHHOCTH U B IEp-
BOM TpuMecTpe mnocie 3ayarus (I rpynma — ocHoBHad,
n=70, Bo3pact 25,69+0,14). I'pynmy cpaBuenus (11 rpynma
— DKO «+», n=25, Bo3pact 30,28+0,50) cocTaBuIm KeH-
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mMHBL ¢ OecruiogueM TpyOHO-TIEPUTOHEATBHOTO T'eHEe3a
10 BcTymuieHus B nporpammy OKO u B iepBoM TpuMmecTpe
recranuu. TpeTbs rpymnmna Obuia chopMHUpPOBaHA U3 TTAIU-
€HTOK C TPYOHO-TIEPUTOHEATbHBIM OECILTIONEM U HEy/Iad-
Hoit noneitkoit KO (III rpyrma — DKO «-», n=45, B0o3-
pact 32,29+0,32).

UccnenoBanne omobpeno KomureTrom mo sTHke mpu
I'BOY BIIO Tiomenckom I'MY Munszapasa Poccun (BbI-
nucka u3 nporokona Ne68 ot 08.04.2016 ).

J171 BBITTIOITHEHUS TTIOCTABICHHON eI OBLTO ITPOaHaIH-
3WPOBAHO COCTOSIHHE CEpACYHO-COCYAMCTOW CHCTEMBI H
BEreTaTUBHOW PETYIISIINH, aIJalTAIIMOHHBIE BO3MOXKHOCTH
1 pOCTO-BECOBBIE MOKA3aTEIH y KEHIIMH /10 U MOCJe Ha-
CTYIUICHHsI OEPEMEHHOCTH, a TAKXKe MOCIIe HEeYIaq4HOH I10-
meiTka DKO. HccnenoBanne (pyHKIIMOHATHHOTO COCTOS-
Huss CCC GepeMeHHBIX TPOBOINIOCH TIPH TIOMOIIIH METO-
UKW W3MEpPEHUs MepUPepuIecKoro apTeprualbHOTO JaB-
nenuss, YCC B COCTOSHUM TMOKOSI C PACYETOM aJanTalu-
ounoro notennuana (All) mo P. M. baesckomy [5]. s
OLIEHKHM COCTOSIHMSI BET€TaTUBHON HEPBHON CUCTEMBI BbI-
gucnsics nagexc Kepmo (MK) [6]. dns xapakrepucTuku
COCTOSIHHSL PETYIIATOPHBIX CHUCTEM OpraHu3ma, ObUI HC-
nonp30BaH uHEKe cTpecca (mo JI.X. 'apkaBu ¢ coasrt.),
MO3BOJISIFONIHI 110 3HAUYECHUSM TI0Ka3aTeliel JIeUKOIUTap-
Holl hopmynel mepudepudeckoil KpoBu ITudGepeHInpo-
BaTh HECIHEIU(PUUCCKUE aJanTalliOHHbIe peakuuu [7].
Pacuér manekca macce Tena (MMT) npoBeneH ¢ yueToMm
MAacchl Tela JKEHIIWH JI0 HacTosAmel OepeMeHHoCTH [8].
Bce u3mepeHust ocymecTBISIIUCH B YTPEHHEE BpeMs, 4e-
pe3 1-1,5 mocnie mpueMa UM A0 MPOBEACHUS MEAULIH-
CKHX BMeIIaTeNnbCTB. VICKITIoueHbl BHEIIHNE BO3IEHCTBHA,
CIIOCOOHBIE MOBIUATH HAa PE3YIHTAThl HCCIIETOBAHNS.

Craructrueckass 00padoTKa TMOTYyUEHHBIX JTaHHBIX TPO-
BOJIWJIACH C WCIOJNB30BAaHHEM ITaKeTa MPUKIAIHBIX TPO-
rpamMm “Microsoft Office” u “Statistical0”. Hopmains-
HOCTb paclpeielleHus MpoBepeHa IpH MOMOIIU KPUTEpHS
[Tanupo- Yunka. st nokazaresneil ¢ HOpMaJlbHbIM pacipe-
JIeTIEHIEM UCTIONIb30BAINCH OOIIETIPUHSATHIE TOHATHS OITH-
caTeNbHOM CTAaTUCTHUKH: cpennee (M), cTanmapTHas Ommo-
Ka cpenHero (m), oTHocuTenbHas BennynHa (P), cranmapt-
Hasi ommOKka noim (sp). s mokasareneit ¢ pacrpezene-
HUEM, OTJIMYHBIM OT HOPMAJIBHOTO, TPOU3BOIUIICS pacyeT
Meauanbl, 25-0ro u 75-oro neprentmiei (Me (C25-C75)).
[IpoBepka TUIIOTE3BI O PABEHCTBE JIBYX CPEIHUX KOJIHMYE-
CTBEHHBIX IMOKa3aTeliell ¢ HOPMAaJbHBIM pacIpeeleHH-
€M TPOBOAMIACH C TIoMolIbio t-kputepuss CrprofeHTta. B
OCTaJIbHBIX CITy4asX MCIOJIb30BaIM KpUTepUil Brutkokco-
Ha (JUIs 3aBUCUMBIX BBIOOpPOK) M KpuTepuil MaHa-YuTHH
(U151 He3aBUCHMBIX BBIOOPOK). KpHuTHUECKHIT yPOBEHB CTa-
THCTUICCKON 3HAUNMOCTH (p) MpuHUMAaH paBHBIM 0,05.

Pe3yabTaThl Hcciie10BaHuA

Ananu3 cpenanux 3HaueHuit UMT no GepemeHHOCTH U
BeTyIuieHus B nporpamMmy DKO mokaszan cTaTucTUYeCcKH
3HAYUMBIC Pa3IUdus B TPyMIax cpaBHeHU. HecMoTpst Ha
TO, 4TO y Bcex nanueHTok UMT cooTBeTcTBOBA HOpME U
kosebasics B mpenenax 21,41-22,48 kr/m?, y xeHuuH [

u Il rpynmn naHHBINA TOKa3aTeslb ObLIT JOCTOBEPHO HHUXKE
(p,,=0,004; p, ,=0,039) (Tabmn.1).

Jlunamuka npuOaBKM Macchl Tela B IEPBOM TpHMeE-
CTpe COOTBETCTBOBaNA (hm3moiorudeckor B I rpymme —
1,6+0,50 (p,,=0,000; p, ,=0,000). ¥V xenummu Il rpyn-
eI, OEPEMEHHOCTh KOTOPBIX HACTYNMJIA B pe3yjbTare
OKO, npubaBka ObUIa JOCTOBEPHO OOJBIIEC W COCTABH-
na 4,16+0,97 (p, ,=0,000). ¥V nanueHTOK ¢ HEYIa4uHOM T10-
neiTkol DKO, HEeCMOTpst Ha OTCYTCTBHE OEpEeMEHHOCTH,
yepe3 12 Henmenp mocie Hadala MpOrpaMMBbI Macca Tena
yBeJIuuMIack B cpennem Ha 3,71+0,70 xr. (p, ,=0,000; p,.
,=0,035).

Pe3tomupyst onucaHHble M3MEHEHHS, MOXKHO CJIENaTh
BBIBOJI, YTO Y MAIMEHTOK, CTPAJaloINX OeCIuIogueM, Ha
JTare nperpaBuAapHON MOATOTOBKH OTMeuajiach TeH/CH-
s K yBenuyeHuto UMT B cpaBHEHUM € KIIMHUYECKH 3/10-
POBBIMH JKEHIIIMHAMH, TIPA 3TOM Camble BHICOKHE 3Haue-
Hus 3aduxcuposansl B 11 rpynme. Y 6epemennsix ¢ 9KO
HaOII0AaI0Ch MATONOTHYECKOe T'eCTAOHHOE YyBEJIHue-
HUE MacChl B IEPBOM TpUMecCTpe OepeMeHHocTH (Oojee
2 Kr), 4TO, BEPOSATHO, CBS3aHO C MPUEMOM TOPMOHATB-
HOW Tepanuu, MpeycCMOTPEHHON MPOTOKOJIOM Iporpam-
MbI. Jlaxe npu oTcyTCTBUH OepeMeHHOCTH Y skeHInH [11
TPy BBEISIBIEHO 3HAYUTENBHOE H3MEHEHUE MacChl Tenla,
YTO TaK)KE MOXKET OBITH OOYCIIOBIICHO BIUSHHEM MEINKa-
MEHTO3HBIX MIPEraparos.

Tabnuua 1
AHTpONOMeTprYecKue aaHHble 1 npubaBKa macchbl Tena y
YEHLMWH CpaBHUBAEMbIX FPymn

I rpynna Il rpynna Il rpynna
nokasarenw o p 235 p nod5
NMT go 6e-

pemeHHOo-

M BV | 51.4140,22 | p,,<0,01 |22,06£0,35 | p, <0,05 | 22,48:0,30
naeHmAa B

nporpammy

3KO
<

Mpubaska | ) 650 [P0 | 4 160,07 | p. <0,05 | 3,7120,70
Maccbl Tena p,,<0,001 3

OO0mmii amanTamOHHBINA POIIECC MOXKET BIHATH HA CO-
crosiare (pyHKinoHanpHON aktuBHOCTH CCC [9]. Otmenka
(DYHKIIMOHAJIBHBIX TTOKa3aTellell TeMOJAMHAMUKA TIpU Ha-
CTYIUICHUU OEpEMEHHOCTH SIBIISIETCS BaXKHOU 3a/1aueH, TakK
KaK HOBOE COCTOSIHHC BBI3BIBACT 3HAYMTEIbHBIC U3MEHE-
HUS B CEPIIEYHO-COCYIUCTON CHUCTEME, M HApaBICHO HA
Toiep’)KaHne TOMEOCTa3a | JOCTIKEHUE TI0JIE3HOTO MPH-
CIOCOOMTENBHOTO pe3ynbTara. TakuM o0pazom, (hyHKIH-
oHanpHOe coctosHre CCC oTpaxkaeT COCTOSHUE aJjarTa-
LHUOHHBIX MpolieccoB B opranusme [10, 11, 12]. JIns ouen-
ku QynkruonupoBanus CCC 1o u B npouecce OepeMeH-
HOCTH Y TAIIMEHTOK TPYIII CPABHEHUS] HAMH OBLIH HCCIIC-
JIOBaHBI HEKOTOpbIE ee IMokazarenu. l3mepenus mposo-
TACH C y9eToM (PM3MONIOTHYECKUX W3MEHEHHWH THa-
MUKH YpOBHS TIepu(eprueCKOro apTepruaIbHOTO JaBiie-
uus (AJ]) m UCC o u mociie HACTyIUIeHUs OEPEeMEHHO-
ctu (Tadm. 2).
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Tabnuua 2
AHanu3 nokasartenen apTepunanbHOro AasneHmaAa 1 4aCtoTbl cepaeyHbIX COKpaLIJ,eHMVI Y XKeHLWWH CpaBHMBaAeMbIX rpynn
| rpynna Il rpynna Il rpynna
nokasatenu :=y70 p np=y25 D nEle
CALl, mm.pT.CT. 112,47+0,52 p,,<0,001 111,6+0,56 p,.<0,001 115,78+0,72
[0 bepemeHHOCTH OAL, MM.pT.CT. 66,310,39 p,,<0,001 66,2+0,55 p,.<0,001 69,8+0,47
4CC, ya/muH HRB/min/ 63,23+0,412 p,.<0,001 60,8+0,39 p, .<0,001 64,18+0,43
CALL, mm.pT.CT. 114,07+0,73 p1_250,001 118,0+1,12 p,.>0,05 118,44+0,87
p, .<0,001 23
| TPUmectp AAR, mm.pr.ct 68,16+0,31 p. .<0,001 67,3240,71 p. <0,001 69,850,44
n nocne KO DBP,mmHg 13 23
YCC, ya/muH HRB/min/ 64,29+0,31 P,,<0,001 70,28+0,79 p..>0,05 71,98+0,53
p,.<0,001 23

Yacrora cepneunsix cokpamiennii (HCC) mo GepemeH-
HOCTH W BCTyruleHHst B mporpammy OKO Obuia craru-
ctuueckn 3Hauumo Bbine B I u III rpynmax cpaBHeHus
(I —63,2340,412; IT — 64,18+0,43; p<0,00). Y namuen-
tok Il rpynmer otmMedanuch Oonee Huskue 3HadeHns YCC
(60,8+0,39; p<0,00). B mepBoM TpumecTpe OepeMeHHOCTH
3a(hUKCUPOBaHBI TOCTOBEPHBIE N3MEHEHUS JAHHOTO TTOKa-
3aTensi BO Bcex rpynmax. IIpu 9ToM y KeHIIWH ¢ Qu3Ho-
norudecku Hactynusiied 6epemenHoctbio YCC mpakru-
geckn He m3MeHmnack (I — 64,29+0,31), a y marnueHTok
nporpamMMel DKO oTmeyanoch JOCTOBEPHOE YBEJINUYECHHUE
YCC, ¢ nanbonee Boicokumu 3HaderussMu B 111 rpynme (11
— 70,28+0,79; 111 — 71,9840,53, p<0,00).

YpoBeHb CHUCTOIMYECKOTO apTepHaIbHOTO JaBIICHUS
(CAl) mo 6epemenHocTn U Hadana nporpammbsl DKO y
BCEX JKCHIMH OB B pejiesiax (GU3H0IOrHueCKOi HOPMBI,
Ho B III rpymnme ormeyanoch CTaTUCTHYECKH 3HAYMMOE
yBEJIMYEHHe JanHoro nokasares (p, ,=0,000; p, ,=0,000).
B nepBoM TpuMecTpe OEpeMEHHOCTH, a TAKKE Y JKECHILUH
¢ HeygauHoil nomneiTkol DKO 3adukcupoBaHo 1ocToBep-
Hoe yBenuueHue ypoBHs CAJL (p<0,00), mpu 3tom Bo 11-i
u IlI-if rpynmax 3HadeHust ObLIM BBIIIE HA 4 MM. PT. CT.
(I — 114,07+0,73; I — 118,0+1,12; III — 118,44+0,87;
p=<0,00).

[Ipu ananuse ypoBHSI JUACTOIMYECKOTO apTEPUaIbHO-
ro gasnenus (JAJl) no HacTymineHus OepeMEeHHOCTH U Ha-
yayia nporpaMMbl DKO BBISBICHBI CTATUCTUYECKU 3HAYU-
Mble OoJiee BhICOKME MMoKa3arenu y manueHtok III rpyn-
el (I — 66,3+0,39; II — 66,2+0,55; III — 69,8+0,47;
p<0,00). Ilpu oOcnemoBaHUN B THHAMHKE 3a(DUKCHPOBA-
HO He3HauuTenbHoe yBenmdenue JIAJl y OepemeHHBIX [
u Il rpynm, Torna Kaxk y sKeHIIUH ¢ HEyJa4HOU IONBITKOM
OKO, naHHbIii TOKa3aTesb He U3MEHMICS (Tad. 2).

Taxum obpazom, mokaszaremu CAl, JAHd u YCC 6vim
nmocTtoBepHO BhImIe y marueHTok 111 rpymmsr (OKO «-») Ha
stane mianupoBanus U nociae IKO.

AHanu3 cOCTOSHUS alallTAllMOHHBIX PE3EPBOB OPTaHU3-
Ma Ha dTare MOAr0TOBKH U B TIEpHO OEPEeMEHHOCTH MO-
JKET UMETh BaYKHOE MPOTHOCTHYECKOE 3HaueHue [13, 14]
(Tab6mn.3).

CormmacHO HaIlUM JaHHBIM, Y JKEHIIUH | rpynmsl, 10 Ha-
CTyIUICHHSI OCpEeMEHHOCTH, aJalTalUOHHBIA MOTEHLHAI
(AIl) cooTBeTcTBOBaNl YIOBIECTBOPUTEIBLHOW aganTalyuu
CCC (1,92+0,01; p,,=0,008; p,,=0,000). Ilpu nosrop-

HOM 00CJEeJOBaHHM, B NEPBOM TPUMECTpPE OEpEeMEHHO-
ctu orMedeHo yenuuenue All Ha 5 en. (I — 1,97+0,01;
p=<0,00), 4TO CBUIETETLCTBYET O HE3HAUNUTEIHLHOM Harpsi-
JKCHHMHU ajanTaiuu. B TeueHue nepsbix 12-TH Hepenb Oe-
PEMEHHOCTH MPOUCXOUT 3aKJIaJKa U CTAHOBJICHNE HOBOM
(YHKIIMOHAJIBHON CHUCTEMBI, YTO OOBSICHAET HalpsDKEHHUE
PETYIATOPHBIX MEXaHU3MOB. DTH U3MEHEHHS OTPaXKaroT-
cst Ha pabore CCC u BAMSAIOT HAa apTepUATbHOE JaBlICHHE
u YCC. MoXXHO TPEANONOXHUTh, YTO BBISIBICHHOE HAMHU
HanpsoKeHWe alanTallMOHHBIX MEXaHU3MOB Y JKEHIIHH C
(hM3MOTOTHICCKHA BO3HUKIIICH W MPOTEKAIOIICH OepeMeH-
HOCTBIO HEOOXOANMO IS MOJAEPKaHUSI TOMEOCTasa.

V¥ manmentok Il rpynmel, 1o Hadana nporpammsl OKO,
Al cocrasun 1,97+0,01 (p,,=0,000), uTo yxasbiBaeT Ha
c1aboBBIPAKCHHOE HampspkeHue aganTanuu. [locie Ha-
CTyIUICHHsI OEPEMEHHOCTH OTMEYAIOCh YBEIHUCHHUE JIaH-
Horo nokasarens 1o 2,21+0,02 (p, ,=0,002), yro nemon-
CTPUPOBAJIO 3HAYUTENILHBIN yPOBEHb HANpPsDKEHHS ajar-
taruu CCC.

B Tpetbeii rpynmne xeHIIMH 3a(UKCHPOBaHbI BEICOKHE
3HaueHnst AIl — 2,13+0,12 yxe Ha dTane miaHUPOBaHUS
OEepEeMEHHOCTH, YTO TOBOPUT O BBIPAKEHHOM HarpspKe-
HUAW aJaNTalyy emie 0 BCTYIUIeHHs B mporpammy DKO.
[Ipu oOcnenoBanny B IMHAMUKE, y HALIUEHTOK C HECOCTO-
sIBIIIEHCST OepeMeHHOCThI0 ypoBeHb All yBemwuwmics mo
2,29+0,01 u cBUIIETEILCTBOBAJ O HEYAOBICTBOPUTEIBHOM
apanTtaiun CCC. BeposTHO, B JTaHHOM Cllydae 3allUTHO-
MIPUCTIOCOOUTENbHAS JESITeTbHOCTh, BBI3BIBAIOIIAS OTIpe-
JIeJICHHOE HalPsDKEHUE PeryJISITOPHBIX IIPOLIECCOB, BCIE -
CTBHME AJUTEIBHOTO BO3ACHCTBUS 3THOJIOTHYECKOTO (PaK-
TOpa, BbI3BaJa PsiJl MOCIEAOBATEIbHBIX PEaKIUid, IPUBO-
JIINX, B KOHEYHOM MTOTe, K HCTOLIEHHUIO.

Hcxons U3 BhIIECKa3aHHOTO, MOXKHO 3aKJIIOYUTh, YTO
y TMAIUEHTOK | Tpymmbl oOTMedaics yIoBI€TBOPUTEIbHBIHN
YPOBEHb aJanTaliy Ha 3Tane MOATOTOBKU K OepeMeHHO-
CTH 1 HE3HAUUTEJIbHOE HAIIPSKEHUE B IEPBOM TPUMECTPE.
VY XKeHUMH ¢ MOJOXHUTeNbHBIM pedyiasraroM OKO ypo-
BeHb AIl yBenuumBajcs U COOTBETCTBOBAJI COCTOSIHHIO
HanpsKeHMs Kak Ha JTare IJIaHUPOBAHMA, TaK BO BpPeMs
6epemennoct. Camplie Bicokme 3HaueHns All, orpaxa-
IOLIME YPOBEHb BBIPAKEHHOTO HANPSDKCHMS aJalTaliu
CCC no 9KO u Hey10BIETBOPUTENIbHYIO aaNTALUIO MO-
clie mpouenypsl, 3aduxkcupoBansl y nanuentok 11 rpym-
IIbI CPaBHEHHS.

on-line ISSN 2500-0918

vestnikural.ru

JOURNAL OF URAL MEDICAL ACADEMIC SCIENCE 2019, Vol. 17, No. 2

123



Obuwas namonoaus

DOI: 10.22138/2500-0918-2020-17-2-121-130

Tabnuua 3
ﬂ,MHaMMKa aanTauMOHHOro NoTeHunasa B CpaBHUBaeEMbIX rpynnax
nokasaTenu | rpynna n=70 p Il rpynna n=25 p Il rpynna n=45
p,.<0,01
+ 12 + +
00 6epemeHHoOCTH A, 6ann 1,92+0,01 b. 0,001 1,97+0,01 p,,<0,001 2,13+0,12
p, ,<0,01
+ 12 + +
| TpumecTp 1 nocne KO A, 6ann 1,97+0,01 b, .<0,001 2,21+0,02 p,,<0,001 2,29+0,01
Kputepuin CtotogeHTa A, 6ann p=0,000 p=0,000 p=0,000
Tabnuua 4
BereTaTmBHbIN MHAEKC Kepao B cpaBHMBaEMbIX rpynnax
MNMokaszaTenu I rpynna n=70 p Il rpynna n=25 p Il rpynna n=45
p,.<0,01
+ 12 + +
[o bepemeHHOCTH MK 5,10+0,79 b, .<0,001 8,89+0,63 p,,>0,05 8,80+0,43
p,,<0,001
+ 12 - + - +
| TpumecTp 1 nocne KO MK 9,4810,33 b, .<0,001 4,05+1,08 p2_3>0,05 2,84+0,65
Kputepuin CTblogeHT MK p=0,000 p=0,000 p=0,000
Tabnuua 5
Jona numdounTos nepmudepryeckon KpoBm y NaLMEHTOK CPaBHUBAEMbIX TPy
nokasartenu | rpynna n=70 p Il rpynna n=25 p 11l rpynna n=45
) p,,<0,001 . .
0o bepemeHHOCTH nmmo.% 24 (23;25) b 0,001 25 (24;26) p,,<0,001 21(20;22)
< 1
| TpumecTp 1 nocne KO nmmd.% 22 (22;23) P,,<0,00 27 (26;28) p,.>0,05 28 (27;28)
p,.<0,001 23
Kputepuin W nmmeo. p=0,000 p=0,000 p=0,000

MNMpumeyaHue: NoKasaTenn NpeacTaBieHbl B Buae meguanbl (Me) u keaptunein (Q1-Q3). MpoBepka runotesbl 0 paBeH-
CTBE MeAMaHHbIX 3HAYEHWNI B ABYX 3aBMCMMbIX BblIOOPKax OCyLLECTBAANACL KpUTepuem BunkokcoHa (W).

Apnanranys OCyIIeCTBIsIeTcd TpU Y4YacTUH Berera-
TUBHOM HEPBHOW CHUCTEMBI, KOTOpas KOOPAUHUPYET
KOMITEHCATOPHO-TIPUCIIOCOONTENIFHBIE PEaKIINN OpTaHH3-
Mma [12, 13].

IIpu ouenke BererarmBHoro uuuekca Kepmo (MK) Ha
JTare IAHMPOBaHHUsI OEPEMEHHOCTH BBISIBICHO Mpeooda-
JJaHWE CHMIIATUYECKOTO OTAEla BEreTaTMBHONW HEPBHOM
cucrembl (CO BHC) Bo Bcex ucciieayeMbIX TIpymmax, ¢
Ooree BBICOKMMH 3HAUEHUSIMH Y JKEHIIWH ¢ OecIioaneM
(p,,=0,007; p, ,=0,001). B nepsrie 12 nenens nocne 3aya-
THUS y TTAIUEHTOK | TPyIIIIBI OTMEUEHO CTaTUCTHYECKHU 3Ha-
gumoe yBenuuenue mnokaszareins UK (p<0,00). 3to cBune-
TEJNBCTBYET O (PU3HOIOTHYECKOM TEUCHUH OEPEMEHHOCTH
Y COOTBETCTBYET JIUTEPATypHBIM TAaHHBIM O MOBBIIICHUH
aktnBHOCcTH CO BHC B mepBoM TpumecTpe 6epeMeHHO-
CTH TIPH CHIDKEHHH aKTHBHOCTH MEXaHH3MOB T'yMOpallb-
HoM perymsiuu [5, 12]. ¥V nanmenToxk II u III rpynmn cpas-
HEHHUSI OTMEUEHO JOCTOBEPHOE M3MEHEHHE IoKa3aresei
UK nocne nmporpammbr KO (p<0,00). OTpunarenbHbie
snavyenus (-4,05+1,08; -2,84+0,65; p, ,=0,000; p, ,=0,000)
YKa3pIBalOT Ha MPEBAJUPOBAHHUE MMAPACHMIIATUYECKUX
BJIMSIHUU.

Jly1s OTIeHKW THTa aJJallTHBHBIX PEaKINi y MalueHTOK,
MBI HCCIIEAOBAIM YPOBEHb JMM(OUUTOB B HepUdepHrue-
CKOH KpoBH (TalI. 5).

[Tony4yeHnHble MokazaTeny YpOBHS JIUMQPOIUTOB B COOT-
BETCTBUU C TEOPHEH HECHEIM(PUUECKUX aIalTalHOHHBIX
peaxiuii opraHu3Ma CBHIETEILCTBOBAIN O TIPe00IaJaHIH
peaknuii TPEHUPOBKHU BO BCEX CPAaBHUBAEMBIX TPyIIIaxX Ha

JTarne MOArOTOBKA K OEpeMEHHOCTH, MPH 3TOM MEAHaH-
Hble 3HadeHus y xenumwH | u Il rpynm Opim mocToBep-
Ho Bbue (p, ,=0,000; p, ,=0,000; p, ,=0,000). ITocne Ha-
CTYIUICHUsI OEPEMEHHOCTH Yy TAIMEeHTOK | Tpymmer oTMe-
4aJIOCh CHIDKEHHUE JTONTH JIMM(OIUTOB B NeprudeprudecKoit
kpoBH ¢ 24% 10 22% (p<0,00). ¥ xeHImUH ¢ d3PPEKTHB-
HoOM mporpammoii DKO B mnepBoM TpUMecTpe HacTyIHB-
el 6epeMeHHOCTH 3a()MKCHPOBAHO YBEIUUCHHE YPOBHS
mumdonnTtoB Ha 3% (p<0,00). Cambie BHICOKHE 3HAYCHUS
o TUMQonnTOB oT™MedeHk! B III-if rpymnme manueHToK
(BKO «-») —28 (27;28). [lanHbIil OKa3aTenb CBUICTENb-
CTBOBAJI 0 Pe00IaIaHUH PEAKIIMH CIIOKOWHOM aKTHBAIIUU
y manHbIxX xxeHmwH (p<0,00).

[lonBons UTOT, MOXKHO cleNaTh BBIBOJ, YTO N3MEHEHHS B
OpraHMu3Me KCHIIMHBI, BEI3BAHHBIE OEPEMEHHOCTHIO, — 3TO
pe3yaIbTar MpUCTIOCOOICHUS, aIalTaIliA OPTaHI3Ma K O)KH-
JAFOIIMM €ro 3a/a4aM. Y TAIUeHTOK ¢ (PU3HUOIOTHUECKOM
0epeMEHHOCTBIO OTMEYACTCS HAPSDKEHHUE aJalTallOHHBIX
peakuuii py BIUSHUU Ha CEPAEYHO-COCYTUCTYIO CUCTEMY
CHMITaTUYECKOTO OT/IeNla BereTaTHBHOW HEPBHOM CHCTEMBI,
Torga kak y 6epemeHHbIx ¢ KO mcromaercs mprucnocoou-
tenbHas akTuBHOCTh CO BHC, uto mpuBOIUT K 3HAUUTENb-
HOMY HalpsHKEHHIO U J]aXKe CPBIBY afanTaluy Ha (oHe Tpe-
00J1aatoIIero BIMSIHUS MApacUMIIaTHYECKOr0 OTeNa Be-
reTaTuBHOI HepBHOH cucteMbl. Kpome Toro, 1ocToBepHbIe
OTJIMYHUS M3YYCHHBIX IMOKAa3aTesied y KEHIIUH ¢ HedPdeK-
TuBHOU TIporpammoii KO Ha 3Tare mIaHupoBaHus Oepe-
MEHHOCTH, MOTYT UMETh Ba)KHOE TIPOTHOCTUYECKOE 3Haue-
HUE JJIS OTIPEJICTICHNS TAKTHKH BEJICHNUS TTAI[HEHTOK.
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ADAPTIVE POSSIBILITY OF THE ORGANISM OF WOMEN
WITH PHYSIOLOGICAL PREGNANCY AND EXTRACORPORAL
FERTILIZATION

Tyumen State Medical University, Tyumen, Russian Federation

Abstract. The study of the restructuring of the body of
a pregnant woman with relation to the theory of functional
systems is necessary for a complete understanding of the
formation of adaptive processes. Of particular interest
is pregnancy resulting from extracorporeal fertilization
(IVF). Aim. to estimate the adaptive capacity of women
with physiological pregnancy and IVF. Materials and
methods. The object of the study: healthy women before
pregnancy and in the I trimester (I group), patients with
tubal-peritoneal infertility at the planning stage and after an
effective IVF (Il group), women with an unsuccessful IVF
(IIT group). We conducted a study of the functional state
of the cardiovascular system of pregnant women with the
calculation of adaptive potential (AP) by R. M. Bayevsky.
We assessed the regulation of the vegetative nervous
system — Kerdo index (KI). We determined the state of
regulatory systems with the stress index (L.H. Garkavi
et al.). Results. In patients with physiological pregnancy,
we noted the effect on the cardiovascular system of the
autonomic nervous system and the tension of adaptive
reactions. In pregnant women with IVF we recorded the
depletion of adaptive activity of the sympathetic autonomic
nervous system. This led to a significant strain or failure
of adaptation with the predominant influence of the
parasympathetic autonomic nervous system. Conclusion.
Significant differences in the studied parameters in women
with ineffective IVF program at the stage of pregnancy
planning may have important prognostic value for
determining the tactics of management of patients.

Keywords: physiologically pregnancy, extracorporeal
fertilization, adaptation, adaptive potential, vegetative
regulation
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Introduction

From the point of view of the theory of functional
systems, the study of body restructuring during pregnancy
is necessary for a complete understanding of the formation
of adaptive processes [1]. Changes in the work of all body
systems occur during pregnancy. The new functional
system «mother-placenta-fetus» generates changes that
are aimed to achieve a useful adaptive result - the birth of
a healthy child [2, 3].

Assisted reproductive technologies have become
widespread because of the high incidence of infertility in
the population. Particular interest is pregnancy resulting
from in vitro fertilization (IVF). At the present stage the
positive results of IVF in Russia don’t exceed 40%. This
isn’t only a socio-demographic, medical, but also a state
problem [4]. Cost effectiveness reflects the outcomes of
the programs. In this regard, the study of the functional
characteristics of the body of women with physiological
pregnancy and after IVF is necessary for both theoretical
and practical medicine. This determines the relevance of
this work.

Aim: to estimate the adaptive capacity of women with
physiological pregnancy and IVF.

Materials and methods

The objects of the study was clinically healthy women
before their pregnancy and in the first trimester after
conception (group I, n = 70, mean age = 25.69 £ 0.14).
Comparison group — women with infertility of tubal —
peritoneal genesis before entering the IVF program and in
the first trimester of gestation (group II - IVF «+», n =25,
mean age 30.28 + 0.50). The third group was the patients
with tubal peritoneal infertility and an unsuccessful IVF
attempt (group III — IVF «-», n =45, mean age 32.29 +
0.32).

The study was approved by the Ethics Committee at
the Tyumen State Medical University of the Ministry of
Health of Russia (Discussion note No. 68, 04.08.2016).

We analyzed the state of the cardiovascular system and
autonomic regulation, adaptive capabilities and height and
weight indicators in women before and after pregnancy, as
well as after an unsuccessful IVF attempt. We studied the
functional state of the cardiovascular system in pregnant
women using the method of measuring peripheral blood
pressure, heart rate at rest with the calculation of the
adaptive potential (AP) (R.M. Baevskaya) [5]. To assess
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the state of the autonomic nervous system we calculated
the Kerdo index (IC) [6]. To characterize the state of the
body's regulatory systems we used the stress index (by
L.H. Garkavi et al.). It allows to differentiate nonspecific
adaptive reactions by the values of the leukocyte formula
of peripheral blood [7]. We calculated the body mass
index (BMI) considering the body weight of women
before her pregnancy [8]. We carried out all measurements
in the morning, 1-1.5 hour after a meal, before medical
interventions. We excluded external influences affecting
the research results.

We carried out statistical processing of the obtained
data using Microsoft Office and Statistical(0. Normality
of distribution was checked using the Shapiro-Wilk test.
We used the generally accepted concepts of descriptive
statistics: mean (M), standard error of the mean (m), relative
value (P), standard error of proportion (sp) to describe
indicators with a normal distribution. For indicators
with abnormal distribution, the median, 25th and 75th
percentiles were calculated (Me (C25-C75)). We tested the
hypothesis of equality of two mean quantitative indicators
with a normal distribution using the Student's t-test. In
other cases, the Wilcoxon test (for dependent samples)
and the Man-Whitney test (for independent samples) were
used. The critical level of statistical significance (p) was
taken equal to 0.05.

Results

We analyzed the average BMI values before pregnancy
and entry into the IVF program and found statistically
significant differences in the comparison groups. All
patients had a normal BMI, which ranged from 21.41-
22.48 kg/m?. However, women in groups I and IT had a
significantly lower this indicator (p, ,=0.004; p, ,=0.039)
(Table 1).

The dynamics of weight gain in group I in the 1st
trimester was physiology — 1.6 = 0.50 (p, ,=0.000; p1-
3=0.000). Weight gain in women of group II (IVF +) was
significantly higher and amounted to 4.16 + 0.97 (p, ,=
0.000). In patients of group III (IVF-), despite the absence
of pregnancy, 12 weeks after the start of the program, body
weight increased by an average of 3.71 + 0.70 kg. (p, ;=
0.000; p, ;= 0.035).

To summarize, in patients suffering from infertility, at
the stage of pregravid preparation, there was a tendency to
an increase in BMI in comparison with clinically healthy
women. At the same time, the maximum values were
recorded in group III. In pregnant women with IVF + in
the first trimester of pregnancy, there was a pathological
gestational weight gain (more than 2 kg). This was
probably due to the hormone therapy prescribed by the
program protocol. Non-pregnant women in group III
(IVF-) had a significant change in body weight. It can also
be due to the influence of medication.

Table 1
Anthropometric data and weight gain in women of the
compared groups

. group | group Il group Il
index n=70 i n=25 i n=45
BMI before
pregnancy |21,41+0,22 p1.350'01 22,0640,35 p2_3<0,05 22,4840,30
or IVF
weight gain | 1,6+0,50 p,,<0,001 4,16+0,97 | p2 <0,05 | 3,71+0,70
T p,,<0,001| ! £ ! !

The general adaptation process can affect the state of
the functional activity of the CVS [9]. The new condition
causes significant changes in the cardiovascular system,
and is aimed at maintaining homeostasis and achieving a
useful adaptive result. Therefore, an important task is to
assess the functional parameters of hemodynamics during
pregnancy. Thus, the functional state of the CVS reflects
the state of adaptation processes in the body [10, 11,
12]. To assess the functioning of the CVS, we examined
some indicators of CVS functioning before and during
pregnancy in patients of group We measured the dynamics
of the level of peripheral blood pressure (BP) and heart
rate before and after pregnancy (Table 2).

According to the results of the study, we found that the
heart rate (HR) before pregnancy and entry into the IVF
program was statistically significantly higher in comparison
groups I and III (I — 63.23 + 0.412; Il — 64.18 £ 0.43; p
<0.00). We noted that the patients of group II had lower
heart rate values (60.8 + 0.39; p<0.00). We noted that the
patients of group Il had lower heart rate values (60.8 + 0.39;
p<0.00). At the same time, in women with physiologically
onset pregnancy, the heart rate did not change (I — 64.29 +
0.31). Patients with IVF had a significant increase in heart
rate. The maximum value was in group III (Il —70.28 +
0.79; Il — 71.98 + 0.53, p<0.00).

According to our study, the level of systolic blood
pressure (SBP) before pregnancy and the start of the
IVF in all women was at the level of the physiological
norm. However, in group III, this indicator significantly
increased (p,, = 0.000; p,, = 0.000). We recorded a
significant increase in SBP, the largest in groups II and
m{I—114.07+0.73; I — 118.0+ 1.12; Il — 118.44 +
0.87; p<0.00).

The results of our study showed, that the level of
diastolic blood pressure (DBP) before pregnancy and IVF
was significantly higher in patients of group III (I — 66.3
+0.39; I — 66.2 = 0.55; III — 69.8 + 0.47; p<0.00). In
dynamics, the level of DBP in groups I and II increased
insignificantly. In group III, this indicator did not change
(Table 2).

Thus, in group III (IVF «-») at the planning stage and
after IVF the indicators of SBP, DBP and heart rate were
significantly higher.

We analyzed the state of the body's adaptive reserves
at the stage of preparation and during pregnancy and
suggested that they may have an important prognostic
value [13, 14] (Table 3).
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Table 2
Analysis of blood pressure and heart rate indicators in women of the compared groups
index group | n=70 p group Il n=25 p group Il n=45
systolic k:x‘:'_lgress“re’ 112.4740.52 p,,<0.001 111.640.56 p, ,<0.001 115.78+0.72
before pregnancy diastolic blood pressure
or IVF P ! 66.3+0.39 p, .<0.001 66.210.55 p, .<0.001 69.8+0.47
mm Hg 1-3 2-3
heart rate /min/ 63.23+0.412 p,,<0.001 60.8+0.39 p, .<0.001 64.18+0.43
i <
systolic blood pressure, 114.07+0.73 p,,<0.001 118.0¢1.12 p. >0.05 118.44+0.87
. mm Hg. p,.<0.001 23
| trimester of diastolic blood pressure -
pregnancy or after P ! 68.16+0.31 p,,<0.001 67.32+0.71 p, ,<0.001 69.85+0.44
IVF mm He
. p,,<0.001
+ 12 + +
heart rate /min/ 64.29+0.31 b <0.001 70.28+0.79 p,,>0.05 71.98+0.53
Table 3
Dynamics of adaptive potential in the compared groups
index group | n=70 p group Il n=25 p group Il n=45
p,,<0,01
+ 12 + +
before pregnancy or IVF AP, score 1,92+0,01 b, <0,001 1,97+0,01 p,,<0,001 2,13+0,12
| trimester of pregnancy or p,.<0,01
+ 12 + +
after IVF AP, score 1,97+0,01 b, .<0,001 2,21+0,02 p,,<0,001 2,29+0,01
Student t-test AP, score p=0,000 p=0,000 p=0,000
Table 4
Kerdo vegetative index in the compared groups
index group | n=70 p group Il n=25 p group Il n=45
p,.<0,01
+ 12 + +
before pregnancy or IVF KVI 5,10+0,79 b, 0,001 8,89+0,63 p,,>0,05 8,80+0,43
| trimester of pregnancy or p,,<0,001
+ 12 - + - +
after IVE KVI 9,48+0,33 b, .<0,001 4,05+1,08 p,,>0,05 2,84+0,65
Student t-test KVI p=0,000 p=0,000 p=0,000
Table 5
The content of lymphocytes in peripheral blood in the compared groups
index group | n=70 p group Il n=25 p group Il n=45
<
before pregnancy or IVF Lymphocytes % 24 (23;25) 2“28’881 25 (24;26) p, ,<0,001 21 (20;22)
| trimester of pregnancy or o . p,,<0,001 . )
after IVE Lymphocytes % 22 (22;23) b 0,001 27 (26;28) p,,>0,05 28 (27;28)
W-test Lymphocytes % p=0,000 p=0,000 p=0,000

Note: indicators are presented as median (Me) and quartiles (Q1-Q3). The hypothesis of the equality of median values
in two dependent samples was tested using the Wilcoxon test (W).

According to our data, in women of the group I before
pregnancy the adaptive potential (AP) corresponded to
satisfactory adaptation of CVS (1.92 + 0.01; p, ,= 0.008;
p,; = 0.000). We noted an increase in AP by 5 U. in group |
in the first trimester of pregnancy (I—1.97+0.01; p<0.00).
This indicated a slight adaptation stress. The tension
of regulatory mechanisms during the first 12 weeks of
pregnancy probably occurs as a result of the establishment
and formation of a new functional system. These changes
are reflected in the work of the cardiovascular system and
affect blood pressure and heart rate. It can be assumed
that the revealed tension of the adaptive mechanisms in
pregnant women is necessary to maintain homeostasis.

In patients of group II before IVF, AP was 1.97 + 0.01

(p,; = 0.000). This indicated a mild adaptation tension.
An increase in AP during pregnancy was noted to 2.21 +
0.02 (p,, = 0.002). This demonstrated a significant level of
stress adaptation of the CVS.

In the group III we recorded high AP values (2.13+0.12)
before pregnancy. This indicated a pronounced adaptation
stress even before IVF. In dynamics, the AP level in IVF
patients «-» increased to 2.29 + 0.01. This testified to
the unsatisfactory adaptation of the CVS. Probably, the
protective-adaptive activity, causing the tension of the
regulatory processes, due to the prolonged exposure to the
etiological factor, caused a number of successive reactions.
These reactions eventually led to exhaustion.

Thus, we recorded a satisfactory level of adaptation
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before pregnancy and insignificant stress in the first
trimester in group I. The AP level in group II increased
and corresponded to the state of stress both before and
during pregnancy. In patients of group III, we recorded the
maximum AP value. This reflected the level of pronounced
stress adaptation of CVS before IVF and unsatisfactory
adaptation after [IVF «-».

Adaptation is carried out with the participation of
the autonomic nervous system, which coordinates the
compensatory and adaptive reactions of the body [12, 13].

Analysis of the Kerdo autonomic index (KVI) at the
stage of pregnancy planning established that in all groups
the influence of the sympathetic part of the autonomic
nervous system (SP ANS) prevailed. Higher values were
in women with infertility (p, , = 0.007; p, , = 0.001). We
noted that in group I, during pregnancy, KVI increased
significantly (p<0.00). This indicates the physiological
course of pregnancy and corresponds to the literature data.
It has been proven that in the first trimester the activity of
the SP ANS increases and the activity of the mechanisms of
humoral regulation decreases [5, 12]. In groups II and III,
there was a significant change in KVI after IVF (p<0.00).
Negative values (-4.05 + 1.08; -2.84 £ 0.65; p,, = 0.000;
p,; = 0.000) indicated the prevalence of parasympathetic
influences.

We examined the level of lymphocytes in the peripheral
blood to assess the type of adaptive responses in patients
(Table 5).

The content of lymphocytes in women of the 1st and
2nd groups before pregnancy was significantly higher (p,_
, = 0.000; p, ; = 0.000; p2-3 = 0.000). This indicated the
predominance of training reactions, which corresponded
to the theory of nonspecific adaptive reactions of the
organism. The content of lymphocytes decreased from 24
to 22% (p<0.00) in group I during pregnancy. We recorded
an increase in lymphocytes by 3% (p<0.00) in group IL
The maximum proportion of lymphocytes was in group III
— 28 (27; 28). This indicator testified to the predominance
of the calm activation reaction in this group (p<0.00).

In conclusion, changes in the body of a pregnant woman
are the result of adaptation, adaptation of the body to the
tasks awaiting it. The tension of adaptive reactions when
influencing the cardiovascular system of the sympathetic
part of the autonomic nervous system is observed in patients
with physiological pregnancy. The sympathetic part of
the autonomic nervous system affects the cardiovascular
system, which leads to the tension of adaptive reactions
in women with physiological pregnancy. In women with
IVF, the adaptive activity of the SP ANS is depleted. This
leads to the predominant influence of the parasympathetic
division of the ANS, significant stress and disruption of
adaptation. Significant differences in indicators in women
with IVF «-» at the stage of pregnancy planning may have
an important prognostic value for determining the tactics
of patient management.
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MYTAIIMOHHBIN ITPO®UJIb
OCTPOI'O MUEJIOMOHOBJIACTHOI'O JIEMKO3A B3POCJIbIX

'TAY3 CO «CaepasioBckas 00acTHas KIIMHHUECKas OonbHHIIA Nely,
ExarepunOypr, Poccuiickass ®enepanus;
2OI'BOY BO «Ypanbckuii rocyT1apCTBCHHBIN MEIUIIMHCKHIA YHHBEPCUTETY,
ExarepunOypr, Poccuiickas ®enepanus;
STAY3 CO «MHCTUTYT MEIUIIMHCKHUX KJICTOYHBIX TEXHOJIOTHID,
ExarepunOypr, Poccuiickas ®eneparius

Pestome. Ifeny: ompenenuTh MyTAaUMOHHBIA Mpoduiib
0CTpOro MuenoMoHoOmacTHoro Jieiiko3a (OMMII) B3poc-
JIbIX 00JIbHBIX. Mamepuanot u memoost. Viccienosanu npo-
ObI KOCTHOTO MO3ra U nepudepryeckoil KpoBu 40 G0IBFHBIX
OMMUJI (B T.u. 13 B Bo3pacte 15-45, 15 B Bo3pacte 45-60,
12 B BO3pacre crapmie 60 JieT), MOMy4aBIIMX JIEYCHHE B
CBepIIOBCKOM 00JIACTHOM OHKOTEMAaTOJIOTMYECKOM LIEHTPE
B 2008-2019 rr. [leTekuuto XpoMOCOMHBIX MYTaIlHii IPOBO-
JIJIH C MCTIOJIb30BAaHWEM CTaHIApPTHOTO IIMTOT€HETHYECKO-
ro Metona (G-03HIMHT) ¥ TOJTMMEPa3HOU ICTTHON PEaKITiH
B peXHMe peanbHOro BpeMeHn. OnperenieHne TeHHBIX My-
TalMii BKJIFOYATI0 HWCCIENO0BaHHE BHYTPEHHMX TaHIIEMHBIX
JOYIUIMKAUUA 1 MyTaluil THPO3UHKUHA3HBIX JIOMEHOB IeHa
FLT3, uncepuuii B ax30He 12 NPM1, myTanuii B 5K30HaX
4-11 TP53, a Taxke myTauuii B reHax c-KIT (sk30ub1 7-12 1
16-19), NRAS (3x30m5b1 1-4), WT1 (3x30HEI 6-9), DNMT3A
(ox30mb1 18-26) 1 KRAS (3K30HBI 1-4) MeTOmOM MpsiMO-
r0 aBTOMAaTHYECKOrO CeKBeHHpoBaHUs. Pezyirvmamot. O06-
mrasg yactora renusix mytanuii FLT3, NPM1, TP53, ¢-KIT,
WT1 u DNMT3A nipu OMMJI coctasuna 35,0%, mpu aTom
HanboJIee YacTo MyTaluy ONpeAesUTUCh B TeHax DNMT3A
(30,8%), NPM1 (20,0%) u FLT3 (20,0%). MyTanuu B reHax
cemeiictBa RAS BbIsIBIIEHBI HE OBUTH, YTO MOXKET OBITH 00Y-
CIIOBJICHO 00bEeMOM BBIOOpKH. YacToTa JBOMHBIX MYTaHTOB
npu OMMIJI coctasnsna 15,2%, cpeanee unucno myTtanuii Ha
narnuenTa — 1,4, mpu 3ToM HanboJee 9acTo KOOIepHpOoBa-
muchk mytanuu B reHax c-KIT, DNMT3A, NPMI1 u FLT3.
Cpemamii Bo3pacT BBIABICHUS MyTamuii B reHax c-KIT m
NPMI cootserctBoBan monogomy, DNMT3A, WT1 u FLT3
— 3penomy, TP53 — noxunomy. Cpeanuil Bo3pacT ABOM-
HBIX MyTaHTOB TaK)Ke COOTBETCTBOBAJI MOJIOZIOMY BO3pPacTy
(42,2) 3a cuet npeobnananusa ko-mytanuiit NPM1 u c-KIT.

KuioueBble ¢J10Ba: OCTPHIH MUEITOMOHOOIACTHEIH JIeH-
KO3, MyTanuoHHBIA Tpodmas, reusi DNMT3A, FLT3,
c-KIT, NPM1, TP53, WT1

KoH(muKT HHTEpEeCOB OTCYTCTBYET.
KonTakTHass uHpOpMalms aBTOpa, OTBETCTBEHHOTO 32
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Octpele MuenouaHble Jeriko3sl (OMJI) — s10 rpymnma
TeHETUYECKHU TeTEPOTeHHBIX 3JI0KAYeCTBEHHBIX 3a00JeBa-
HUI KpOBH, Yalle BCTPEUAIOIUXCS Y B3POCIHBIX B ITOXKH-
JIOM M CTapyeCcKOM BO3pPacTe€ W BO3ZHHMKAIOUIMX Kak CIe/-
CTBHE COMaTHUYECKH MPUOOPETEHHBIX MTOBPEKICHUH I'eHO-
Ma KpOBETBOPHBIX KJIETOK-TIpeaecTBeHHuIT [1-3].

Acconmarn «reHotun-gperotum» npu OMJI ycraHoB-
JICHBI JIJII HEKOTOPBIX CIEeNU(UISCKUX ITUTOTCHETHYe-
CKUX aHOMaJIMi{, HO MEHEe U3yUYCHBI NIPH Pa3JIMUHbIX TCH-
HBIX MYTAllMsIX, BBISIBICHHBIX B IOCIEAHUE TOIbI. B Ie-
soM, uTomMopdonormaeckue moatutibel OMJI 1 Moseky-
JIIpHBIC U3MEHEHHS 10 KOHITa He U3y4eHsI [4, 5]. B To Bpe-
Ms KaK HEeKOTOPbIE TeHHbIE MyTalluy Mpeo0Ia aroT B He-
CKOJIBKUX LUTOMODP(]OIOTHUECKUX MOATUIAX, P acco-
LUAIUI MyTalui ¢ pa3TUYHbIMEA (PEHOTUTIAMY OBLIT HJICH-
TUQHUIUPOBAH ISl CIEUUPUUECKUX MOJICKYISPHBIX MO/-
rpymm. Tak, D. Rose u coaBT. ycranoBieHo, 4To Hanbo-
Jiee 9acTO MYTUPYIONIMMH T€HaMHU TPH Pa3IUIHBIX MOp-
(homornueckux BapuanTax OMJI ObLTH cemyroIIre TeHBI:
RUNX1 npu OMJI MO (43,0%), NPM1 mpu M1 (42,0%),
DNMT3A — M2 (26,0%), NPM1 — M4 (57,0%) u M5
(60,0%), TP53 — M6 (36,0%) [6].

Henn: ompenenuTs MyTAIMOHHBIA MPO(UIH OCTPOTO
MuenoMoHoOmacTHOTO Neikoza (OMMJI) B3pocibix 6071b-
HBIX.

MarepuaJbl 1 MeTObI
Hccenemyemast rpymma cocrosiima u3 40 marmentoB (17
XKeHIuH (42,5%), 23 myxuun (57,5%), cpenuuii Bo3pact
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50 net, B ToM uucie 13 B Bozpacte ot 15 o 45 nert, 15 B
Bo3pacTte 45-60 nert, 12 B Bo3pacte ctapie 60 1eT) ¢ Boep-
BbI¢ BeIsIBICHHBIM OMMUIL. ['eHeTndeckuit aHaam3 mpoBo-
TWICS Ha 00pasiax KOCTHOTO MO3Ta M IMepuQepuyueCKOn
KpoBH 0ONBHBIX CBEPIIIOBCKOTO 00IaCTHOTO TeMaTOJIOTH-
yeckoro nenrpa B nepuon ¢ 2008 nmo 2019 rox. Bcee ma-
LUEHTHI 1aJIi IMCbMEHHOE HH(OPMUPOBAHHOE COTJIacue B
COOTBETCTBUU C IPUHIMIIAMU XEJIbCUHKCKOM JeKIapauu.

Huarao3 OMMIJI ycTanaBIuBaiIl B COOTBETCTBHH C pe-
rxomeHmanusymu BO3 u kpurepusmu FAB-kiraccndukarm.
Bo Bcex cimyuasx mpoBouiack MopQororndeckast oreH-
Ka, BKJIIoHaromas okpacky no Pomanosckomy-I umsa, mu-
TOXMMHUECKYIO PEAKIIMIO Ha MUEJIONEPOKCHIa3y U UMMY-
HoeHoTunupopanue [7-9]. CTaHIapTHBIA IUTOrCHETH-
yeckuit ananu3 (G-02HauHT) ObLT TpoBesieH y 32 marueH-
ToB (80,0%). MeTomom monnMepasHoON MEemHON peaxIim
B pexxuMme peanbHoro BpemeHnu (RT-PCR) y 22 GonbHBIX
(55,0%) onpenensanuch KPUINTHYECKHE XPOMOCOMHBIC
aHomanuu: TpaHciaokauus t(8;21)(q22;q22), wHBepcus
inv(16)(p13;1q22), tpancnokammsa t(9;22)(q34.1;q11.2),
aHomamuu cermeHTta 11g23. XpomocomHble abeppanun
ONMCaHbl B COOTBETCTBUU C MEXIyHApOIHOH CUCTEMOMU
[UTOTCHETUYECKOM HOMEHKJIaTyphl YeioBeka. Komrekc-
HBbIC M3MEHEHUS] KapUOTHUIAa ONpEACISUINCh PH OOHApY-
KEeHUH 3 U OoJiee CTPYKTYPHBIX M/MIM KOJHMUYECTBEHHBIX
MyTaIui XxpoMmocom [6].

CKpUHUHT TOYEYHBIX MyTallMid B § TeHaX, BKIIOYAs
BHyTpeHHHUe TaHjeMHble ayrumkanuu (ITD) u muccenc-
MyTallid B KOJUPYIOIIEH ITOCIEI0BATEIIEHOCTH THPO-
3uHkuHa3HbIX gomeHoB (TKD) B rene FLT3 (n=35), un-
cepuuu B 3k30He 12 rena NPM1 (n=25), myTtanuu B 3K-
30Hax 4-11 rena TP53 (n=24), a Takxe MyTanuu B TeHaX
c-KIT (ax30HEI 7-12 1 16-19, n=23), NRAS (3x30HEBI 1-4,
n=19), WT1 (3k3085BI 6-9, n=18), DNMT3A (3k30H5I 18-
26, n=13) u KRAS (3x30HbI 1-4, n=4), OCYyIIECTBISIIH Me-
TOJIOM NPSIMOTO aBTOMATHYECKOI0 CEKBEHHPOBAHUS 11O pa-
Hee onucaHHbIM MeTonuKaM [10-15]. Mapkeps! 11 reHe-
TUYECKOTO CKpPMHUHTA ObUTH BBIOPAHBI B COOTBETCTBHU C
pexomenpanusamu BO3 u European Leukemia Net ¢ yue-
TOM HMX MNPOTHOCTHYECKOU 3HauumocTH [7, 16]. Cpennee
YHCIIO0 CKPUHUPOBAHHBIX F'€HOB Ha OIHOTO INMAaIlUEHTA CO-
ctaBwio 4 (nuanasoH 1-8). [losToMy "acToTy JBOMHBIX
MYTaHTOB PACCUUTHIBAIIN TOJBKO JUIA CIy4aeB, IPU KOTO-
PBIX YUCIIO OOCIIeIOBAaHHBIX HA MYTAI[UH T€HOB OBUIO HE
MeHbIIe AByX (n=33). [yig Banmupmanuu MyTaHTHOTO Qe-
Hotuna NPM1 ucnonap3oBany UMMYHOTHCTOXUMUYECKHMA
METOJI, OTIMCaHHBIN B padote [17].

ConocraBieHne CerMeHTOB, BbIPABHMBAHNE U CpaBHeE-
HUE HYKJICOTHIHBIX U aMHHOKHCIOTHBIX MOCIIEI0BaTEIb-
HOCTEU MPOBOJIMUIIN C IOMOIILI0 KOMIIBIOTEPHON ITpOrpam-
Mbl MEGA X [18]. loBepurenbabie naTepBains! (JJW) mis
4acTOT MyTaluii ObUTM YCTaHOBJICHBI HA OCHOBE OMHOMHU-
albHOTO pacrpeieIeHMs.

Pe3yabTarsl
YV 6onpmmHCTBa 00IBHBIX (56,3%, ipu 95% I ot 39,3
1o 71,8%) onpenensiics HopManbHblid kapuotun OMMUIIL,

y 15,6% (npu 95% AU ot 6,9 no 31,8%) — aneymion-
HeIi, ¥ 28,1% (mipu 95% AU ot 15,6 1o 45,4%) — npyrue
CTPYKTYPHBIE W KOJMYECTBEHHBIC aHOMAJHH XPOMOCOM.
CpeniHee KOJIMYECTBO JICUKOIMTOB cocTamisuio 77x10°%/n
(mmamazon 2,5-350,0%10%/m).

HawmbGonee pacnpocTpaHeHHBIM THIIOM XPOMOCOM-
HBIX a0eppalyii B UCCIeLyeMOl TpyIIe Obliia WHBEPCHS
inv(16)(p13;1922) (n=5, 15,6%, npu 95% AU ot 6,9 no
31,8%). Pexe BcTpewasiach TPUCOMUS XPOMOCOMBI §, KO-
Topasi OblIa BBIsIBIEHA B 2 ciydasx (6,3%, mpu 95% 1N
ot 1,7 no 20,1%). Apyrue mytauuu (TpECOMUS XPOMOCO-
MbI 11; Tpucomun xpomocomsl 13 u 14; Tpucomun xpo-
MOCOMBI 4 1 21; MOHOCOMHS XPOMOCOMBI 5; abeppaiuu
11923; nunBepcust inv(9)(q12;p11); KoMIUIEKCHBIE H3MEHE-
uus kapuotnmna: 52, XYY, inv(3)(pl12;q24), +1, +9, +11,
+13, +19, +Y, +mar) Op11H OOHAPYKESHBI KaXKIas B OTHOM
Haobmonenu (3,1%, npu 95% AU ot 0,5 o 15,7%).

B uenom, 35,0% (mipu 95% JAU ot 22,1 no 50,5%) namm-
€HTOB UMEJIM TOUYEUHbIE MYTallMH B HCCIEI0OBAaHHBIX F'eHaxX
B MoMeHT nuarHoctTuku OMMIL 1lsate u3 8 mpoananusu-
poBauHbx TeHOB (DNMT3A, FLT3, NPM1, c-KIT, WT1)
ObUTH MyTHPOBaHBI y >5,0% 00CIIeI0BaHHBIX TAIIHEHTOB.
Haubonee BrICOKHE YaCTOTHI MyTalluil BBISIBIICHBI JIS Te-
HoB DNMT3A (30,8%, ipu 95% 1AW ot 12,7 no 57,7%),
NPM1 (20,0%, npu 95% JAU ot 8,9 no 39,1%) u FLT3
(20,0%, mpu 95% AU ot 10,0 mo 35,9%). D10 YacTUIHO
COTJIacyeTCs C JAaHHBIMU [6], KOTOpBIE COOOIIaIH O BBICO-
kol yactore MmyTauuii B rene NPM1 npu OMMII (57,0%)
0 CPABHEHHIO C IPYTHMH MOP(OIIOTHIECKUMHU TTO/ITHTIA-
mu 1o FAB-knaccupukanuu. bonee peako BcTpeyanuch
myTtanuu B rere c-KIT, koropsie OblTH BBISBICHBI B 2 CITy-
qasx (8,7%, npu 95% AU ot 2,4 mo 26,8%). Mytanun B
TP53 u WT1 6p11r 00HApYKEHBI KaXKasi B OTHOM HaO0IT0-
nennd, 4,2% (nipu 95% AU ot 0,7 mo 20,2%) u 5,6% (mipu
95% U ot 1,0 no 25,8%), coorBeTcTBEeHHO. MyTaluu B
uccaenyemsbix sk30Hax reHoB KRAS u NRAS B uccneny-
eMOH rpyrrie oOHapyKEeHbI He ObUIH, YTO MOXKET OBITh 00-
YCIIOBJIEHO 00BEMOM BBIOOPKH.

B menom, MBI He OOHAPYKHIIM MyTalliii HA B OTHOM
u3 uccienyeMslx reHoB y 65,0% (mpu 95% U ot 49,5
no 77,9%) manumentos, B 22,5% (npu 95% U ot 12,3
1o 37,5%) myTtamnuu onpenensuiiuch B OAHOM U3 T'CHOB, B
15,2% (mpu 95% AU ot 6,7 no 30,9%) — B nBYX. B cpen-
HEeM 4yacToTa coctaBuia 1,4 MyTHpOBaHHBIX T€Ha Ha MaIu-
eHTa. YKa3aHHas OleHKa MOXET ObITh HETIONHOW, YINUTHI-
Bas TOT (PaKT, 4TO HE BCE MAIMEHTHI OBLIN TIOJHOCTHIO 00-
cienoBaHbl Ha Bce 8 reHoB. COOTBETCTBEHHO, JOMOIHU-
TeJIbHbIE MYTallMd MOIJIM MPUCYTCTBOBATH B HEUCCIIEAO-
BaHHBIX T€HaX, U, B OTCYTCTBHE €IUHOOOPa3HOW OIEHKH
BCEX IIEJIEBBIX T€HOB, BBISBJICHHBIE YaCTOTHI TIPEICTABI-
0T cO0O¥ KpaifHHe TpaHUIIbl 3HAYSHHH.

s 1oNoBMHBI M3 8 MPOAHAIM3HPOBAHHBIX T€HOB B
3HAYUTEIBHON YaCTH HAOMIOIEHUH OBLIM BBISBICHBI KO-
MyTallid B JPYTUX reHax. Tak, OOJBIIMHCTBO MYTaHT-
Hb1Ix OMMUJI 1o ¢-KIT (100,0%; n=2), DNMT3A (66,7%,
n=2) u NPM1 (60,0%, n=3) umenu Ko-MyTaluu B Jpy-
rUX TeHax, Torjaa kak ko-myrtauuu npu FLT3 ITD u TKD
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ObLTH MeHee JacTeiMU (42,9%, n=3), a st TP53 u WT1
TaKUX CJIy4aeB BBIABICHO He ObUI0. Hambosiee yacThiMu
COUYCTAHUSIMHU, IPUCYTCTBYIOIUMH B UCCIETyEeMOU TPYTI-
e, Obumn Ko-myTaruu NPM1 u FLT3-1TD (40,0%, n=2),
DNMT3A u c-KIT (33,3%, n=1), a raxoke NPM1 u c-KIT
(20,0%, n=1).

Cpenu 6osnbHbIx OMMII ¢ nurionauel reHHbIe MyTa-
UMW onpeaeisiuchk B 44,4% nadmonenuit (pu 95% U
ot 24,6 1o 66,3%) n ObLIM TpeICTaBICHBI HHCEPIIUSIMH B
sk30He 12 rena NPM1 — 45,5% (mipu 95% AN ot 21,3 mo
72,0%), FLT3 ITD u TKD — 25,0% (mipu 95% AW ot 10,2
10 49,5%), mytarusimu DNMT3A — 20,0% (n=1), c-KIT
— 10,0% (n=1). Yacrora NBOMHBIX MYTaHTOB COCTaBUJIA
25,0% (mpu 95% AU ot 8,9 mo 53,2%). [Ipu aneymio-
WUIHBIX KAPUOTHITAX KPUIITUYCCKUE MYTAIUH OIpPenems-
muck B 60,0% mpob6 (n=3), B T.u4. FLT3 — 50,0% (n=2),
DNMT3A — 50,0% (n=1), KIT — 33,3% (n=1), nBoii-
Hble MyTaHThl — 25,0% (n=1). [lo omHOMY cityuyaro my-
TalHi UCCIETYeMbIX TCHOB BBISBICHO B CICIYIOUIUX IU-
TOTEHETHYECKUX TOATPYMITaX: MUCCEHC-MYyTaIUs B IK30-
e 7 rena TP53 — mpu OMMII ¢ KOMIJIEKCHBIMU XPO-
MOCOMHBIMH a0eppanusMy, HECHHOHWMHUYHAS TpaH3U-
mus A1363G B rene WT1 — npu OMMII ¢ unBepcueit
xpomocombl 16 (25,0%), FLT3 ITD B coyeranuu c 3a-
menoit G2645A B rene DNMT3A — npu OMMII ¢ He-
yTouHeHHBIM KapuoTtutom (20,0%) [19]. B uemom, BeIsIB-
JIEHHBIE YaCTOTHl TEHHBIX MyTaIlMii COOTBETCTBOBAIIN pa-
Hee YCTAaHOBJICHHBIM B TPEAIIECTBYIONINX HCCIICAOBAHU-
sx [11, 13].

Taxxe MbI ONpEAETUIN CPEIHUNA BO3PACT BOSHUKHOBE-
Hus MmyTanuii mpu OMMJI 1o Bo3pacTHOU KitacCHpHUKaITUH
BO3 [20], xoropsrit g reHos c-KIT u NPM1 cootser-
CTBOBAJI MOJIOZTBIM B3pOcibiM (33,5+2,9 m 44,2+11,4 cooT-
BETCTBEHHO), [JIs 3 TeHOB — 3pesomy Bo3pacty (DNMT3A
—49,3+18,4; WT1—51,0; FLT3 — 54,0412,3), ns rena
TP53 cocraBun 63,0 rona (n=1). Cpeanuii Bo3pact JBO-
HBIX MyTaHTOB cocTaBmi 42,2+13,7 rona 3a cuet npeobia-
nmauus ko-myTaruit NPM1 u c-KIT.

BriBoabl

1. Obmas wacrora reHHbIXx Mytanuidi FLT3, NPMI,
TP53, c-KIT, WT1 u DNMT3A npu OMMIJI cocrasuia
35,0%, mpu 3TOM HamOoJee 4acTO MYyTAaI[UH OIPEeIis-
muck B reHax DNMT3A (30,8%), NPM1 (20,0%) u FLT3
(20,0%). MyTamuu B reHax cemeiictBa RAS BrIsSIBICHBI He
OBLIH, YTO MOKET OBITH 00YCIOBICHO 0OHEMOM BEIOOPKH.

2. Yacrota nBoitHbIX MyTaHTOB pu OMMIJI cocTasnsna
15,2%, cpeanee unciao MyTaiuil Ha nmanuenta — 1,4, mpu
9TOM HauboJIee YaCTO KOOTIEPUPOBATINCH MYTAIINHU B T€HAX
c-KIT, DNMT3A, NPM1 u FLT3.

3. CpenHuit Bo3pact BbIABICHUS MyTauuid B reHax c-KIT
u NPMI1 cootBerctBoBan mononomy, DNMT3A, WTI1
n FLT3 — 3penomy, TP53 — noxunomy. Cpennuit Bo3-
pacT JIBOMHBIX MyTaHTOB TAaK)K€ COOTBETCTBOBAJ MOJIOO-
My BO3pacTy 3a cueT mpeodiamanus ko-myTaruit NPM1 u
c-KIT.
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Abstract. Aim: to estimate gene mutations landscape in
adult acute myelomonoblastic leukemia (AMML) patients
(pts). Materials and methods. Bone marrow and peripheral
blood samples were obtained from 40 AMML pts (including
13 aged 15 to 45, 15 aged 45-60, 12 aged over 60 years
old), treated in Sverdlovsk Regional Hematological Centre
during the period 2008-2019. Detection of chromosomal
mutations performed using G-banding and real-time
polymerase chain reaction. Gene mutation screening for 8
genes investigating the presence of FLT3 ITD and TKD,
NPMI1 exon 12 insertions, TP53 exons 4-11 mutations, as
well as of mutations in ¢-KIT exons 7-12 and 16-19, NRAS
exons 1-4, WT1 exons 6-9, DNMT3A exons 18-26 and
KRAS exons 1-4 was performed using direct automatic
sequencing. Results. The total frequency of FLT3, NPM1,
TP53, C-KIT, WT1 and DNMT3A genes mutations in
AMML was 35.0%. The most frequent mutations were
detected in the DNMT3A (30.8%), NPM1 (20.0%), and
FLT3 (20.0%) genes. Mutations in the RAS family genes
were not detected, which may be due to the sample size.
The frequency of double mutants was 15.2%, the average
number of mutations per patient was 1.4, and mutations in
the c-KIT, DNMT3A, NPM1 and FLT3 genes were most
often co-operated. c-KIT and NPM1 genes mutations were
mainly detected at a young patients, DNMT3A, WT1 and
FLT3 — at a middle-aged patients and TP53 was identified
in patient over 60 years old. The average age of the double
mutants also corresponded to the young age (42,2) due to
the predominance of mutations NPM1 and c¢-KIT.

Keywords: acute myelomonoblastic  leukemia,
mutations landscape, DNMT3A, FLT3, c¢-KIT, NPMI,
TP53, WTI
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Acute myeloid leukemia (AML) is a group of genetically
heterogeneous malignant blood diseases, more common
in elderly and arises as the consequences of somatically
acquired genetic lesions in hematopoietic progenitor cells
[1-3].

AML genotype-phenotype associations are well
established for a some of recurrent cytogenetic
abnormalities but less well understood for the variety
gene mutations identified in recent years. Today, the AML
cytomorphological subtypes and molecular alterations
are not fully understood [4, 5]. D. Rose et al. established
that the most frequently mutated genes per morphological
subtype were RUNXI1 in MO (43.0%), NPM1 in M1
(42.0%), DNMT3A in M2 (26.0%), NPM1 in M4 (57.0%)
and M5 (60.0%), TP53 in M6 (36.0%). While some gene
mutations were frequent in several cytomorphological
subtypes, a series of associations of co-occurring mutations
with distinct phenotypes were identified for molecular
defined subcohorts [6].

Aim: to estimate gene mutations landscape in adult acute
myelomonoblastic leukemia (AMML) patients

Materials and methods

A total of 40 patients (17 females (42,5%), 23 males
(57,5%), median age 50 years, including 13 aged 15 to 45,
15 aged 45-60, 12 aged over 60 years old) with de novo
AMML were examined. Genetic analyses were performed
on bone marrow and peripheral blood samples from
Sverdlovsk regional hematological center between 2008
and 2019. All subjects signed Informed Consent Form for
depersonalized data processing adhered to the tenets of the
Declaration of Helsinki.

AMML was diagnosed according to the WHO
recommendations and FAB classification. Morphological
assessment based on Romanovsky-Giemsa stains,
myeloperoxidase reaction, and immunophenotypical
verification was performed in all cases [7-9]. Chromosome
banding analysis was performed in 32 patients (80.0%) by
standard cytogenetic method. Real-time polymerase chain
reaction (RT-PCR) on translocation t(8;21)(q22;q22),
inv(16)(p13;1922), t(9;22)(q34.1;q11.2), abnormalities
1123 was performed in 22 cases (55.0%) to prove
specific rearrangements, identify cytogenetically cryptic
rearrangements. Chromosomal aberrations were described
according to the International System for Human
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Cytogenetic Nomenclature. Complex karyotypes were
defined as >3 mutations [6].

Gene mutation screening for 8 genes investigating the
presence of FLT3 ITD and TKD (n=35), NPM1 exon 12
insertions (n=25), TP53 exons 4-11 mutations (n=24),
as well as of mutations in c-KIT exons 7-12 and 16-19
(n=23), NRAS exons 1-4 (n=19), WT1 exons 6-9 (n=18),
DNMT3A exons 18-26 (n=13) and KRAS exons 1-4 (n=4)
was performed by direct automatic sequencing (described
in previously methods) [10-15]. Markers for genetic
screening were chosen according to WHO and European
Leukemia Net recommendations, with considering of
prognostic value [7, 16]. The mean number of screened
genes per patient was 4 (range 1-8). Therefore, the
frequency of double mutants was calculated only for cases
in which the number of genes examined for mutations
was at least two (n=33). To validate the NPM1 mutant
phenotype we used an immunohistochemical method as
described earlier [17].

Segments matching, alignments and comparison of
nucleotide and amino acid sequences were performed
using the MEGA X program [18]. Confidence intervals
(CI) for the mutations frequencies were established based
on the binomial distribution.

Results

The majority of patients (56.3%, with 95% CI from
39.3 to 71.8%) exhibited normal karyotype AMML,
15.6% (with 95% CI from 6.9 to 31.8%) had an aneuploid
karyotype, 28.1% (with 95% CI from 15.6 to 45.4%)
had other structural and quantitative chrompspmal
anomalies. The mean WBC count was 77x10°L (range
2.5-350.0x10°/L).

The most common type of chromosomal aberration
was inversion inv(16)(p13;1q22) (n=5, 15.6%, with 95%
CI from 6.9 to 31.8%). More rarely there was a trisomy
of chromosome 8, which was detected in 2 cases (6,3%,
with 95% CI from 1.7 to 20.1%). Other mutations
(trisomy of chromosome 11; trisomy of chromosome 13
and 14; trisomy of chromosome 4 and 21; monosomy
of chromosome 5; aberration of 11q23; inv(9)(q12;p11);
complex karyotype lesion: 52, XYY, inv(3)(p12;q24), +1,
+9, +11, +13, +19, +Y, +mar) were detected each in one
instance (3,1%, with 95% CI from 0.5 to 15.7%).

Overall, 35.0% (with 95% CI from 22.1 to 50.5%) of
analyzed patients showed point gene mutations at time of
AMML diagnosis. Five of 8 analyzed genes (DNMT3A,
FLT3, NPM1, c-KIT, WT1) were mutated in >5.0% of
screened patients. The highest mutation frequencies
were detected for DNMT3A (30.8%, with 95% CI from
12.7 to 57.7%), NPM1 (20.0%, with 95% CI from 8.9
to 39.1%) and FLT3 (20.0%; with 95% CI from 10.0 to
35.9%). This is partially consistent with data from [6], the
latter reporting higher NPM1 mutation rates for AMML
(57.0%), compared to other FAB subtypes. More rarely
there was c-KIT mutations, which was detected in 2 cases
(8.7%, with 95% CI from 2.4 to 26.8%). Mutations in

TP53 and WT1 were detected each in one instance, 4.2%
(with 95% CI from 0.7 to 20.2%) and 5.6% (with 95% CI
from 1.0 to 25.8%), accordingly. Gene mutations in KRAS
and NRAS genes were not observed, which may be due to
the sample size.

In total, we did not observe gene mutations in 65.0%
(with 95% CI from 49.5 to 77.9%) of patients, 22.5%
(with 95% CI from 12.3 to 37.5%) were mutated in one
of the analysed genes and 15.2% (with 95% CI from 6.7
to 30.9%) of patients in two genes. The average frequency
was 1.4 mutated genes per patient. This might be an
underestimate given the fact that not all patients were
completely screened for all 8 genes. Additional mutations
might be present in unanalysed genes and in the absence
of a uniform assessment of all target genes the detected
frequencies represent the extreme bound estimates.

For half of 8 analyzed genes significant part of patients
exhibited co-occurring mutations in other genes. The
majority of c¢-KIT (100.0%, n=2), DNMT3A (66.7%,
n=2) and NPM1 (60.0%, n=3) mutated patient had co-
ocurring mutations in other genes, FLT3 ITD and TKD
co-occurrences were less frequent (42.9%, n=3) and the
null percentage was observed for TP53 and WTI1. The
most frequent co-occurrences present in the study samle
were NPM1 with FLT3-ITD (40.0%, n=2), DNMT3A with
¢-KIT (33.3%, n=1) and NPM1 with c-KIT (20.0%, n=1).

Among AMML patients with diploidy, gene mutations
were detected in 44.4% of cases (with 95% CI from 24.6
to 66.3%) and were represented by insertions in exon
12 of the NPM1 — 45.5% (with 95% CI from 21.3 to
72.0%), FLT3 ITD and TKD — 25.0% (with 95% CI
from 10.2 to 49.5%), DNMT3A mutations — 20.0%
(n=1), c-KIT — 10.0% (n=1). The frequency of double
mutants was 25.0% (with 95% CI from 8.9 to 53.2%).
In aneuploid karyotypes, cryptic mutations were detected
in 60.0% of samples (n=3), including FLT3 — 50.0%
(n=2), DNMT3A — 50.0% (n=1), c-KIT — 33.3%
(n=1), and double mutants — 25.0% (n=1). One case
of mutations of the studied genes was identified in the
following cytogenetic subgroups: missense mutation in
exon 7 of the TP53 gene — in AMML with complex
chromosomal aberrations, non-synonymous A1363G
transition in the WT1 gene-in AMML with chromosome
16 inversion (25.0%), FLT3 ITD in combination with
G2645A substitution in the DNMT3A gene — in AMML
with an unspecified karyotype (20.0%) [19]. In general,
the detected frequencies of gene mutations corresponded
to those established in previous studies [11, 13].

We also determined the average age of AMML mutation
occurrence according to the WHO age classification [20],
which for the ¢-KIT and NPMI1 genes corresponded to
young adults (33,5+2,9 and 44,2+11,4, accordingly), for
3 genes — middle age (DNMT3A — 49,3+18,4; WT1 —
51,0; FLT3 — 54,0+12,3), for TP53 gene — 63,0 years
old. The average age of double mutants was 42,2+13,7
years due to the predominance of mutations NPM1 and
c-KIT.
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Conclusion

1. The total frequency of FLT3, NPM1, TP53, C-KIT,
WTI and DNMT3A genes mutations in AMML was
35.0%, with the most frequent mutations detected in the
DNMT3A (30.8%), NPM1 (20.0%), and FLT3 (20.0%)
genes. Mutations in the RAS family genes were not
detected, which may be due to the sample size.

2. The frequency of double mutants in AMML was
15.2%, the average number of mutations per patient was
1.4, and mutations in the ¢c-KIT, DNMT3A, NPM1 and
FLT3 genes were most were often co-occurring.

3. The average age of detection of ¢-KIT and NPM1
genes mutations was young, DNMT3A, WT1 and FLT3
— middle age, and TP53 — elderly. The average age of
the double mutants was also associated with the young
age.
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