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Beenenue. IToCcTKOBUAHBIN CHHIPOM aCCONMHPOBAH C MEPCUCTHUPYIOMEH ANCOHYHKIMEH CHCTEMBI CBEPTHIBAHHS KPOBH,
3a4acTyl0 TNPOTEKAMONIEH JIATEHTHO M HE BepUPHMUIUPYEMON CTaHIAPTHBIMU KOAryJoJOTMYeCKUMH TecTaMH. B cBsi3u
C 3THUM, IS aA€KBAaTHOW CTpaTn(HUKaluK PHCKa HEOOXOMUM IEpexo]l K MHTETPAIBEHBIM METOaM OLIEHKH TPOMOHMHOBOTO
MOTEHIMaa B COUYETAHUH CO CTAHJAPTHBIMU TECTAMHM, YTO MO3BOJHT MEPCOHATU3UPOBATH TAKTUKY aHTUTPOMOOTHYECKOU
NpOoQHIAKTUKY B peaOMINTAIIMIOHHOM IIEpHO/Ie MaueHToB, nepenecmunx COVID-19.

Hean. OneHuTh MapaMeTphl TECTa TeHEepaI TpoMOUHA U ypoBeHb D-aumMepa y naruentoB ¢ COVID-19 B anamHue3e.
Marepuanbsl 1 MeToabl. B mccienoBanne 6bu10 BritoueHO 80 mammeHToB, nepenecmmx COVID-19, uepes 6 mecsuen
MOCJIE BBI3IOPOBIEHNA. Bce ManmeHTsl HA MOMEHT NPOBEJICHMS HCCIEIOBAaHMS MOMYYald KIMHUYECKH HOZOOpaHHYIO
TEpanui0 B COOTBETCTBHUHM C COMYTCTBYIOUIMMH 3a00yieBaHMsIMH. KOHTpONBHYIO Tpymmy cocTaBuiu 68 310pOBBIX
MHIUBHIYYMOB 0€3 CepAeYHO-COCYMCThIX 3a00ieBaHuii, TpoMOoIMOonueckux ocnoxkHenuit 1 COVID-19 B anamuese
Ha MOMEHT BKJIIOYEHMS B HCCJEJOBaHME. Y TAIMEHTOB, IEPEHECHINX KOPOHABUPYCHYIO MH(EKIHI0, Yepe3 6 MecsueB
HIOCIIe BBI3NOPOBICHHSA U y JIHMI] KOHTPOJILHOW I'PYIIBI BHIONHSIM TECT T'€HEepalMd TPOMOMHA M HCCIEAOBAHHE YPOBHS
D-numepa. Yposens D-numepa Taxoke ObUT IpOaHAIM3UPOBaH y MallMeHTOB B ocTpoM neproae COVID-19.

PesyabTaTsl. Uepes 6 mecsier nocie nepeneceHHoro COVID-19 y manueHTOB BBISBICHO CTATHCTHYECKH 3HAYHMOE
CHIDKCHHUE TIOKa3aTelel Tecta reHepaly TPOMOWHA M0 CPaBHEHHIO C KOHTPOJBHOW IPYMIION, B MEPBYIO OYepeh 3a CUET
npyeMa IMpsAMBIX OPAIBHBIX AHTHUKOATYJIAHTOB. [Ipy 3TOM pasinnumii MeXay NManueHTaMH, IEepeHeCIIMMH 3a0oJieBaHHE
B TSDKEJION U CPEeTHETSDKENON (opMe, o BCEM IapameTpaM Tecta He oOHapy)keHo. YpoBeHb D-mumMepa uepe3 6 Mmecsies
IOCJIE BBI3ZOPOBIICHUS OKA3aJICs BBIIIE, YEM B OCTPOM MEPHOJE.

3akarouenue. [IpoBeneHHOE MCCIeI0BaHKUE MOJITBEPIKAACT, YTO MOCTKOBUAHBIA CHHIPOM CBS3aH C NPOJIOHTMPOBaHHON
aKTHBAI[MEH CHUCTEMBl T'€MOCTa3a, XapaKTEPU3YIOUICHCS HapacTaHWEM KOHIEHTpanuu D-auMepa K IIECTOMY MeCsIy
HaOJIIOJICHUS 110 CPAaBHEHUIO C OCTPBIM IEpHOIOM 3a00JeBaHus. B TO jKe BpeMst HHTerpaJibHasl OLIEHKA COCTOSHUS CHCTEMBI
reMocTa3’a Ha OCHOBE TECTa FeHepaluy TPOMOMHA ITO3BOJIET OLECHHUTH 3((PEKTHBHOCTH MPOBOAUMOM aHTHKOATryJISHTHOM
Tepanuu.
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Introduction. Post-COVID syndrome (PCS) is associated with persistent dysfunction of the coagulation system,
which is often latent and cannot be verified by standard coagulation tests. Therefore, adequate risk stratification requires
a transition to integrated methods for assessing thrombin potential in combination with standard tests, which will allow
personalization of antithrombotic prophylaxis strategies during the rehabilitation period in patients who have recovered
from COVID-19.

Aim. To evaluate the parameters of the thrombin generation test (TGT) and D-dimer level in patients with a history
of COVID-19.

Materials and methods. The study included 80 patients with a history of COVID-19, examined 6 months after recovery.
At the time of the study, all patients were receiving clinically selected therapy according to their comorbidities. The control
group consisted of 68 healthy individuals without cardiovascular diseases, thromboembolic complications, or a history
of COVID-19 at the time of inclusion. In patients who had recovered from COVID-19 (6 months after recovery) and
in control subjects, the thrombin generation test (TGT) was performed using an automatic Ceveron-alpha coagulometer,
and D-dimer levels were measured using an ERBA ECL 412 coagulometer. Additionally, D-dimer levels were analyzed
in patients during the acute phase of COVID-19.

Results. Six months after COVID-19, patients showed a statistically significant decrease in thrombin generation test (TGT)
values compared to the control group, primarily due to the use of direct oral anticoagulants (DOACs). No significant
differences in any TGT parameters were found between patients who had severe and moderate forms of the disease.
D-dimer levels six months after recovery were significantly higher than during the acute phase.

Conclusion. The study confirms that post-COVID syndrome is associated with prolonged activation of the hemostatic
system, characterized by an increase in D-dimer concentrations by the sixth month of observation compared to the acute
phase of the disecase. The absence of a statistically significant correlation between baseline and current values
of this marker indicates the independent nature of delayed fibrinolytic impairments, likely due to persistent endothelial
dysfunction rather than the severity of primary coagulopathy. At the same time, an integrated assessment of the hemostatic
system using a thrombin generation test allows for the evaluation of the effectiveness of anticoagulant therapy.
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BBepeHue

Wndexums, BoizBaHHas KopoHaBuUpycom SARS-
CoV-2, MOXET NpOSIBIATHCS Pa3IUYHBIMU criocola-
MH, Hanbojee pacnpOCTPAaHEHHBIMH M3 KOTOPBIX SIB-
JIIETCSL TSKEIBIA OCTPBIA PECHUPATOPHBIA CHHIPOM,
0 YeM CBUJICTENLCTBYET MaHJEMHs KOPOHABUPYCHOM
udexuun (COVID-19). C kIMHUYECKOH TOUKHU 3pe-
HUS, OCHOBHBIM OpraHOM, IOpPaXaeMbIM BHPYCOM
SARS-CoV-2, sBusrorcst nerkue. XoTs y OONBIIHH-
cTBa MHOUIMPOBAHHBIX JIIOJEH 3a00jieBaHHE IPOTE-
KaeT 0ECCUMIITOMHO HJIM TPOSIBIISICTCS B JIETKOH (op-
Me, mpuMepHo y 15 % manueHToB pa3BUBAIOTCS WH-
tepcruimanbHas maeBMoHus (MII) u octpeiii pecrnu-
patopuslii nuctpecc-cuaapom (OPJIC), tpebytomme
IPOBEJICHUS MWCKYCCTBEHHOM BEHTWIALMM JIETKUX
B OTIEJICHWSIX HHTCHCHBHOW Teparuu [1]. 3T0 oco-

THIBAIOIIUX (PU3NIECKHE, IICUXOJIOTUIECKHE W KOTHH-
tuBHBIE cepol [2—4]. B 2021 r. Bcemupnas opranu-
3amMs  3IpaBOOXpaHeHHs (opManm3oBaga TEPMUH
«cocrostaue mociie COVID-19», omnpenenuB ero kax
«COCTOSTHUE, KOTOPOE BO3HUKAET Y JIUI] C aHAMHE30M
BEPOSTHOW WJIM TOJTBEPKACHHON mH(pekuun SARS-
CoV-2, o0ptHO uepe3 3 Mecsla IIOCIe Hayaia
COVID-19, ¢ cumnTomamu, KOTOpbIe AJSATCS HE Me-
Hee 2 MECSIeB M HE MOTYT OBITh OOBSICHEHBI albTep-
HaTHBHBIM JUArHO30M» [5].

Mannemus COVID-19 npusena x ¢opmupoBa-
HUIO MacIITaOHOW TOIYJISAIUU MAalUEHTOB C MOCTKO-
BunHbIM cuHIpoMoM (IIKC), xapakrepusyronumcs
NEepCUCTUPYIOIIEH  MOTMOpraHHoOW  AuchyHKUUEH,
B KOTOPOH TPOMOOBOCHAJICHHE MOXET MIPaTh CYyIIIe-
CTBEHHYIO pOJb. MexXaHu3MBl TPOMOOBOCIANIECHHUS

OCHHO pAacIpPOCTPAaHEHO CpPEAM MOXKWIBIX JIIOACH H
JIMILI C COMMYTCTBYIOIUMH 3a00JI€BaHHSIMH.

W3BecTHO, YTO MOMHUMO OCTpO¥ 3a00II€BaeMOCTH
U CMEPTHOCTH, 3HAYUTEJIbHAsl 4acTh HAIlUEHTOB, BbI-
smopasiuBaromux 1nociae COVID-19, cooGiator
0 COXPAaHSIOUINXCSA KIMHUYECKUX CHUMITOMax, OXBa-

BKJIIOYAIOT MOBpEXACHHE SHAoTenus [6—9], akTuBa-
nuio komiuiemenra [10—12], akruBanuio TpomOOIH-
TOB W B3aMMOJICHCTBHE TPOMOOIIMTOB C JICHKOIMTA-
Mu [13—-15], BHeKkIeTOUYHBIE JOBYLIKH HEHTpOoH-
noB [11,16,17], BBICBOOOXICHNE TPOBOCIIATUTEIBHBIX
IATOKWHOB [18], HapymieHne HOpPMalIbHBIX ITyTEH
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cBepteiBanus [19] u rumokcuro [20], aHamOTHYHO TMa-
TO(PHU3UOIOTHH CUHIPOMOB TPOMOOTHYECKOH MHKPO-
anruomnaruu [21].

VpoBenb D-numepa, TpaJulIMOHHO HCIIOIb3Yye-
MBIl B KadecTBE MapKepa aKTHBAIIMM T'eMocTa3a u
¢ubpuHONM3a, B TOCTKOBUIHOM TIEPHUOJE HEPEIKO
JIEMOHCTPHUPYET yMEpEHHOE IMOBBIIICHHE W HOpMa-
JU3AINI0, YTO HE MCKITIOYACT HAIMYIHUS JIATCHTHOU TH-
nepKoaryysiuu. 9To 00yCIOBICHO TeM, 4To D-numep
OTpakaeT JIMIIb CBEPIIMBINUICS (aKkT Ierpaganuu
¢ubpuHa, HO HE TMO3BOJISET OICHHUTH (DAKTHUCCKUH
MIPOKOATYJISIHTHBIN MOTEHIIHAN M1a3Mbl [22].

Jis 00beKTHBH3AIMKA 3TOTO TMOTEHIHala Heo0-
XOJUMO HWCIOJBb30BaHWE WHTETPAIBHBIX METOJIOB,
B YacTHOCTH Tecta reHepaiuu Tpombuna (TT'T).
[Mapamerper TI'T, Takue kak 3HIOTEHHBIH TPOMOWHO-
BeIft motentman (ETP) n makcuManbHas KOHIICHTpa-
st TpomOuHa (Peak Thrombin), mo3BoJSIFOT KoJHMUe-
CTBEHHO OIICHUThH OOIIEEe COCTOSIHUE CUCTEMBI CBEp-
ThiBaHus. Coueranue TI'T ¢ KonMYECTBEHHBIM Ompe-
neneHueM D-nuMepa MO3BOJIUT PEean30BaTh MYJIHTH-
MOJANBHBIN MOJIX0J K OLIEHKE FeMOCTa3a, YTO KPUTHU-
YeCKH BaXKHO JUIS CTpaTH(PHUKAIMH TPOMOOTHYECKOTO
pUCKa W TIEPCOHANM3AINN AHTUTPOMOOTHUYECKOU Te-
panmuu B peaOWMIMTAIIMOHHOM TIEPHUOJIC TAIFICHTOB,
nepedecmiux COVID-19 [23].

Heab uccaenoBanusa. OUEeHUTHh MapameTpbl Te-
cTa reHeparuu TpoMOnHA ¥ ypoBeHb D-mumepa y ma-
mueHToB ¢ COVID-19 B anamuese.

MaTepMaJ’lbI n MeToAabl

B oOcepBannoHHOE WCCIIEIOBAHNE «CIy4ald —
KOHTPOJIb» ObUIM BKJIIOYEHHl 80 MamnueHToB, mepe-
HECIIUX CPEIHE-TSDKENYI0 U TOKEIyl  (QopMmy
COVID-19 u umeromux I0JIroCPOIHBIE TTOCIEACTBUS
NepeHECEHHON KOPOHABUPYCHOW HH(MEKIMH B TEpH-
oI TIeCTH W 0OoJjee MeCSIeB I0Cie BhI3TOPOBIIE-
Hus (46 >xkeHmuH W 34 MYXXYWHBI, Bo3pacT 58,4
[51-66] nmer). OOcnemoBanusl MPOBOIUIUCH C HIOHS
2020 r. mo uronp 2022 r. Juarnoz COVID-19 ycra-
HaBJIMBAJIM IyTEM ITOATBEPKISCHHOTO TECTa TIOIHMe-
pasnoii nennoit peakunu (I1LIP) «HoBas xopoHnaBm-
pycHas wunpekuus COVID-19»; cpennersikenas u
Tshkenas (opMa XapaKTepH30BaJKCh IMOPAXKEHHEM
JIErOYHOW TKAaHW IO JaHHBIM KOMIIBIOTEPHOM TOMO-
rpaduu (KT) — KT-3 (50-75 % nopakeHus JeroyHom
TkaHn), KT-4 (>75 % nopaxxeHus Iero4Hoi TKaHH).

Huarnoctuky u yedenue 6ombHBEIX ¢ COVID-19
OCYIIECTBIISUIM B COOTBETCTBHH C aKTyaJbHOW BEpCH-
el BpeMeHHbIX METOJMYECKUX pekoMeHAauuid MuH-
3npaBa Poccum «llpodunakrtuka, QUarHocTuka W
JIeYeHWe  HOBOW  KOPOHABHPYCHOW  HH(QEKINH
(COVID-19)» [BpemeHHBIE METOANYECKHE PEKOMEH-

nammu «[IpodunakTika, JHarHOCTUKA U JIUEHHE HO-
Boii KkopoHaBupycHoil mHpekuuu (COVID-19), Bep-
cun 9 u 10 ot 26.10.2020 u 08.02.2021 rr.].

KoHTponbHYI0 Tpynmy COCTaBHIM 3I0pOBBIC
muia 0e3 cepaeyHO-COCYIUCTHIX 3a00JIeBaHUM, TPOM-
60amb0mmaecknx ocnoxkHenut 1 COVID-19 B anamue-
3¢ Ha MOMCHT BKJIIOUCHHSI B HccienoBanme (n = 68,
Bo3pact 31 [26-36] rox, 22 »eHIUHBL, 46 MyKUUH).

[IpoBenenne nccrenoBannsa OBLIO OJOOPEHO ITH-
geckuM komutetoM OI'BY «<HMMUI] um. B. A. Anma-
30Ba» MunzapaBa Poccum (Beimucka Ne3302-22
ot 21 derpains 2022 1.) B COOTBETCTBHH ¢ XEJIbCHH-
CKOM nexnapariuei.

Bce manueHTs Ha MOMEHT MPOBEIEHUS UCCIIE0-
BaHMs TOJyYaldd KIMHWYECKH TMOJ0OpaHHYIO Tepa-
MU0 B COOTBETCTBHHU C COITyTCTBYIOIIMMH 3a00ieBa-
HUSIMU, W3 KOTOPBIX HaumOO0JIee YaCThIMH SIBIISUIUCH
runeproHndeckas 6one3ns (79 %) m caxapHbeiii nua-
oer 2 tuma (23 %). U3 80 manmeHTOB, BKIFOYEHHBIX
B uccineaopanue, 36 (45,0 %) He momy4yanu aHTUKOA-
TYJISSHTHOM Tepanuu, cpeau ocTanbHbIX 44 (55,0 %)
MAIMEHTOB aHTHKOATyJISTHTHAS Tepamus Oblia pacripe-
JIeNieHa CIIeAyomMM 00pa3oM: anukcabaH NpUHAMA-
qwm 30 (37,5 %) nanuenToB, puBapokcadad — 14 (17,5 %).
AHTHArperaHTHyIO TEpaInuio MperapaTaMy areTHica-
muuioBod kucioTel (ACK) momywanu 8 (10,0 %)
MAIMeHTOB, W3 HUX B MoHoTepanuu — 6 (7,5 %),
B KOMOWHAIMK C aHTUKoaryissHTamu — 2 (2,5 %)
YesoBeKa.

V mammentoB ¢ COVID-19 B aHamMHE3€ U B KOH-
TPOJBHOHN TpyIIe OLIEHUBAIN MTapaMeTPhl TeCTa TeHe-
pam TpoMOWHAa C TIOMOIIBIO aBTOMAaTHYECKOTO
koarynomerpa Ceveron-alpha (Technoclone, As-
ctpust). s 3TOro BEHO3HYI0 KPOBb OTOHMpaNd B Ba-
KyyMHbIe Npobupku ¢ 3,2 % uuTparta HaTpus ¢ IO-
creayomuM  neHtpudyrupoBanueM 1npu  2000xg
B TeueHue 10 MuH. ATMKBOTHI XpaHWUIIU MIPH TeMIIepa-
type —80 °C. Tlocie pa3smMopakuBaHUs Ha BOJSHOU
bane mpm 37 °C, oOpa3upl TEHTPHPYTHPOBAIH
npu 20000xg B Teyenue 20 muH. [ akTUBaIMK Kac-
KaJla KOaryJisluy UCTIONIb30BAJIU TPUTTEPHBIN peareHT
RC Low (REF 5006013, Technoclone, ABctpusi)
C HU3KHM COJICp)KaHHEeM TKaHeBOro (akropa u Qoc-
¢onumumoB. B mocTaHOBKE HCIONB30Balach KOH-
TPOJIbHASA IJIa3Ma C HU3KOM M BBICOKON aKTUBHOCTBIO
tpombuHooOpazoBanus (Technoclone, AmcTpwus).
PeructpupoBaliuch M PacCUUTHIBAIUCH CIETYIOIINE
napametpsl TI'T: Bpemss or noOaBneHHsi peareHTa
J0 00pa3oBaHUSl CTapTOBOTO KOJHMYECTBA TPOMOU-
Ha (LagTime), muH; BpeMsa no oOpa3oBaHHS MAaKCH-
MaJbHON KOHIEHTparun TpomOuHa (ttPeak), mum;
MaKCHUMaJIbHOE COJAepKaHue TpoMOWHA B oOpasile
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(Peak), umounb/i1; miomiaab Moa KPUBOW — SHIOICH-
HBIH TpoMOuHOBEIH norentnan (ETP), aMons/m*MuH.
CkopocTh TpOMOHMHOOOPa30BaHHUA PaCCUUTHIBATIACH
B COOTBETCTBUH C (OPMYJIOH, NpencTaBICHHOU
Tripodi A. c¢ coaBt.. VI = Peak/(ttPeak-LagTi-
me), HMOJIb/J1/MuH [24].

Tarxxe y mammentoB ¢ COVID-19 ompenensimu
ypoBeHb D-aumepa B ocTpom mepuozae u uepe3 6 me-
CSILIEB IOCJIE BBI3NOpOBIEHUS. VccnenoBaHue ypos-
Hi D-aumepa mnpoBonwiM Ha TOJyaBTOMAaTHYEC-
koM 4-xaHansHOM koaryiaoMerpe ERBA ECL 412
(Erba Lachema s.r.0., Yemckas PecryOinuka).

Jl1g oLleHKH BOCTIPOM3BOJUMOCTH M CTaTHCTHYE-
CKOIl JTOCTOBEpHOCTH IIOJYYEHHBIX PEe3yJbTaTOB BCE
OKCTIEPUMEHTHI BBITIOJHEHBI ¢ HEOOXOJAUMBIM YHCIIOM
MMOBTOPOB. Pe3ynbTarel mcciemoBanus o0OpadaThiBa-
JHMCh C HCIOJIb30BAHUEM COBPEMEHHBIX CTAaTHCTHYE-
ckux nporpamm SPSS 21 (IBM Software Inc., CHIA) u
GraphPadPrism v. 8.0.1 (GraphPad Software Inc.,
CILIA). [1ns mpoBepKH HOPMAJIbHOCTHU pacipeeeHus
MCHoaB30BaNIMCh TecThl KommoropoBa — CmmupHOBa.
st cpaBHEHHMS IBYX 3aBHCHMBIX TPYIII, pacrpe/esieH-
HBIX HOPMaJIbHO, MCHOJIB30BAJICS TApHBIN t-KpuTepuid
CreiopenTa. [y cpaBHEHHMs [JBYX HE3aBHCHUMBIX
TpyMIl, PacHpeAeICHHBIX HOPMaJIbHO, UCIIOJIB30BAJICS
HenapHbli t-kputepuit CtproenTa. [lpu HeHOpMaIb-
HOM XapakTepe paclpenieieHus s CPaBHEHUS JBYX
HE3aBHCUMBIX TPYTI MPUMEHsJICS TecT MaHHa- Y UTHH
U KpuTepuil BUIKOKCOHA JJIsi CPaBHEHHMs ABYX 3aBU-
cuMbIX rpyni. Koppensnuu Mexzy aHanu3upyeMbIMU
napamMeTpaMu ONpeNesiIi C TIOMOIIBI0 KO3 dHUIHeH-
Ta Koppemsiuuu IIupcona u Crnupmena. i OLiEHKH
KA4ECTBEHHBIX JJAHHBIX UCIOJIB30BAJICS KpUTEpUl Xu-
kBaapar Ilupcona. Pasnuuns cunranuch CTaTUCTHYE-
cku 3HauuMbIMU Tipu p < 0,05. JlaHHBIE TIpencTaBie-

HEI B Buze Me [25-75] (Mequana u 25-if u 75-i mpo-
IIEHTHUIIH).

PesynbTathbl

ITo pesynbraram TI'T B Trpylne mMaiueHTOB
¢ COVID-19 B anamHe3e ObLIO BBISBICHO CHU)KEHUE
MUKOBOM KOHIIeHTpaiuu TpomOuHa (Peak), cHuxkenue
sHporenoro TpombuHoBoro norennuana (ETP) n cko-
poctr obpazoBanus TpoMmOuHa (VI) Mo cpaBHEHUIO
C KOHTPOJIGHOH Tpymmoit. B To xe Bpems, Habmroma-
JIOCh 3HAUYMMOE yJUIMHEHWE BPEeMEHH MHUIMALUH KOa-
rymsiuun (LagTime) n yanuHeHHEe BpEMEHH TOCTHKe-
HUSI TTUKOBOHM KOHIEHTparuu TtpombOmHa (ttPeak) mo
CpaBHEHUIO ¢ KOHTPOJIBHOU TpyImoi (Tadu. 1).

[Ipu 3TOM 3HAUMMOE CHMIKEHUE TeHEPAIlUH TPOM-
OuHa ObLIO O0YCIOBICHO PUEMOM aHTUTPOMOOTHYE-
CKUX TIPETaparoB: B TPYyMIE MAIlMEHTOB, MEPEHECIINX
COVID-19 u nonyyaromux OpsMble OpajibHbIE aHTH-
koaryisiHThl (IIOAK) no cpaBHeHuto ¢ OoibpHBIME O€3
AHTUKOATYJISIHTHOM Tepanmuu JOCTOBEPHO HIXKE ObLI
SHJIOTEHHBIH TpoMOMHOBBIH moTeniman (ETP) —
1059,65 [646,10-1374,78] mmons/mmua u 2979,60
[2060,50-3280,90] wmomp/nMua (p = 0,001),
COOTBETCTBEHHO; MAaKCHUMAaJbHOE COJAEP’KaHHE TPOM-
ouna (Peak) — 53,06 [32,45-101,50] uMonb/a

163,02 [128,59-577,39] HMONB/T, COOTBETCTBEHHO
( = 0,001); ckopocTh TPOMOMHOOOpPA30BAHUS
(vl) - 2,87 [1,20-6,80] umone/n/Mua u 23,70
[15,10-180,40] HMOJIB/JI/MUH, COOTBETCTBEHHO

(»p = 0,001). Bpems oOpa3oBaHHs MaKCHMAaJILHOTO KO-
nmuecTBa TpoMOuHa (ttPeak) y marmueHToB, mpruHUMA-
tommx [TOAK, ObLI0 3aKOHOMEPHO M 3HAYMMO YBEJH-
yeno — 20,10 [16,60-24,28] mun. nporue 11,20
[6,00—15,00] muH. y marmenToB 6e3 [IOAK (p = 0,001).

Taoauna 1/ Table 1

Iloxa3arenn TecTa reHepanyy TPOMOHMHA B Pa3HBIX IPynmax
Thrombin generation test results in different groups

Mokasaren KOliTpO.]'leafl rpynmna IManueHTHI, NepeHecHIne C(zVID-19, P
(n=20) Me [Q1-Q3] yepe3 6 MecsineB nocJie BpImucku (n = 55) Me [Q1-Q3]

LagTime, Mun 2,35[1,82-2,57] 5,17 [4,00-5,50] 0,001
ETP, amons/n'mun | 2776,15 [2675,75-3006,15] 1422,22 [754,9-1952,0] 0,001
Peak, HMOmB/1 311,68 [216,72—427,05] 99,5 [32,4-101,5] 0,001
ttPeak, mun 6,58 [5,12-7,95] 19,23 [15,00-22,90] 0,001
VI, HMou/n/MUH 84,01 [40,85-129,77] 18,75 [1,90-11,00] 0,001
[Mpumeuanue: * — pa3nuuus CTATUCTUYECKU 3HAYMMBI 110 CPABHEHUIO C KOHTPOJIBHOM TPYIIION.
Note: * — significant differences compared to the control group.
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Yposenr D-nmumMepa gepe3 6 MecsIieB mocie BhI-
3mopoBiieHusi coctasuin 1,189 [0,127; 2,119] mkr/mn
FEU, noka3biBas 3HaYUTENBHOE YBEIUYCHUE IO CPaB-
HEeHMIO ¢ mnepuojom rocnutanusauuu 0,372 [0,195;
0,487] mxr/mn FEU (p = 0,002). I1pu 3TOM HeE BBISIB-
JIEHO CTAaTUCTHUYECKH 3HAYMMON KOPPEISIITUU MEKIY
ypoBHEM D-mrMepa B mepHo] TOCTIMTAIN3ANN U €T0
3HAUCHUSAMH dYepe3 6 MecsIeB TOocCie BBI3JIOPOBIIC-
uus (v, = 0,045; p = 0,772).

[Ipy npoBeneHUM MEXTPYNIIOBOTO CpPaBHEHUS
OBITIO YCTAHOBJICHO, YTO BBIOOP CXEMBI AaHTHKOATy-
JISTHTHOW Tepanuu B MOCTKOBUIHOM IEPUOJIC HE OKa-
3bIBaJl CTATHCTUYECKH 3HAYMMOTO BIIMSHHUS HA YypO-
BeHb D-tumepa (p = 0,806).

Ilpu oueHke BIUSHUS TAKECTH NEPEHECEHHOMU
JIbIxaTenbHOM HemoctaTouHoct (JIH) Ha cocrosHue
CHUCTEMBI TeMOCTa3a OBUIO yCTaHOBIIEHO, YTO CTaTH-
CTHYCCKU 3HAYUMBIC Pa3IIUYMs COXPAHSIOTCS TOJIBKO
JUTSL IMHAMWUYECKHUX MapaMeTpPOB T'€HEPAlUu TPOMOU-
Ha: CKOpOCTh TpoMOuHOOOpazoBanus (VI) mocroBep-
HO pasifyanach B TPYIax ¢ pa3HOW CTENEeHbBIO JbIXa-
TenapHON HemocTaTounocTH (x° = 6,157; p = 0,046).
YpoBens D-nmuMepa HE MPOIEMOHCTPUPOBAI 3aBHUCH-
MOCTH OT CTENEeHH TshKecTH TnepeHecenHon JIH
uepes 6 MecsAIeB Mocie BbI3opoBieHus (x° = 0,414;
p=0,813).

Oo6cyxpaeHune

Ilo pesympraTam TecTta reHepauud TPOMOHMHA
HAOII0AIOCh 3HAYMMOE yITMHEHNUE BPEMEHH MHHIIN-
aruy KOaryJisiliid W YAJWHEHHE BPEMEHHU JOCTHXKe-
HUSl TIMKOBOM KOHIIEHTpanuu TPOMOMHA. AHAIOTHd-
HBIE pe3yibTaThl mony4ywid Benati M. u coasrT.,
B CPaBHEHHMHM CO 3JIOPOBOM KOHTPOJBHOM TpyIIon
3Hauenust LagTime u ttPeak okazamich 3HauHMTENBEHO
yBenuueHsl y nanuenToB ¢ COVID-19 B mepuon cra-
LUOHAPHOTO JieueHus: 2,68 MuH. npoTuB 1,87 MHH.
(p <0,001) u 4,60 mus. mpotus 4,08 muH. (p = 0,031),
COOTBETCTBEHHO [25]. DTO MOXKET OBITh 00YCIIOBICHO
OTBETOM CHCTEMBI IeéMOCTa3a Ha MPOBOJUMYIO aHTH-
KOaryJITHTHYIO Tepalnto, Kotopas 3h(HEeKTUBHO OTpa-
HUYUBACT KACKaJHYIO aKTHBAIUIO (aKTOPOB CBEPTHI-
BaHUsl.

Bouck E.G. m coaBr. ommcanu wnccienoBaHue
¢ yuactueMm 46 namnuentoB ¢ COVID-19 u 53 c cencu-
COM, KOTOpPO€ CpeAr MHOTHX JPYTHMX TECTOB Ha KOa-
TYJSUI0 1 GUOPHUHOIN3 TAaKXKe BKIIIOYANO JETAbHOE
onpenencane TI'T. Jlanaoe uccnenoBanue 06110 co-
KyCHUPOBaHO Ha BJIMSHUU TKaHeBoro (akropa (TD)
Ha napameTpbl TI'T y 300pOBBIX JIFOAEH U MAIUEHTOB
¢ cencucoM 1 COVID-19. Pe3ynprarsl mokaszanu, 4To
HWHTEpIIpeTanus pa3iaudyHbeiXx nokazanuit TI'T moxer
MO3BOJIUTH TPEJCKA3aTh MPEAPACIIONOKEHHOCTh K

KOaryJjonaTusM, BeI3BaHHBIM HHQpeKnueld. B dacTHo-
ct, LagTime monoXuTenbHO KOPPETUPOBAI C TsDHKE-
CcThi0 3a0oieBanms y manueHToB ¢ COVID-19,
HO HE Yy MAIMEHTOB C CEINCHCOM, 4YTO YKa3bIBaeT
Ha BaxxHocTh TI'T B muddepeHnnanbsHol AMarHOCTH-
ke [26].

OTCyTCTBHE 3HAUMMOMN KOPPENAIMH MEXKAY HC-
XOIHBEIM YypoBHEM D-muMepa W €ro 3HAYCHUSMH
yepe3 6 MecsIeB IMOciie BBI3JIOPOBICHUS CBUACTEIh-
CTBYET O TOM, YTO H3MECHEHUS B CUCTEME (PUOPHHOIH-
3a mocine COVID-19 HocAT BTOpUYHBIMA, TpHOOpETEH-
HBIH XapaKkTep ¥ He 3aBHCAT OT MPEeMOpOUIHOro GoHa
narenTa. HecMoTps Ha MPOBOAMMYIO aHTHTPOMOO-
TUYECKYIO0 TEpaIlnio, Yepe3 6 MecsIeB Mocie nepeHe-
cenHoil mHpeknuun COVID-19 nabmogaercs cratu-
CTHYECKM 3HauMMmas akTuBalus — pocT D-mumepa
MpaKTHYECKH B 3 pasza. B mpocnexTuBHOM HccienoBa-
Hun Lehmann A. ¥ coaBT. OBUIM MONYYEHBI JOKa3a-
TENbCTBA, YTO y 15 % MaIueHToB, NEPEeHECIInX KOpo-
HaBUPYCHYI0 MH(]EKLHNIO, HAOII0AAN0Ch CTOMKOE MO-
BbIIeHNE ypoBHS D-numepa B cpenHeMm yepes 3 Me-
csAlla TOCINie BBI3ZOPOBICHHS. Y OJTHX MAIeHTOB
HaOmroganock Ooiee Tsokenoe Teuenne COVID-19,
M y HUX Yalle OTMEYalWCh 0ojiee HU3KHE CpEeIHHE
3aadeHus pO2 u AaDO?2 [27].

B uccnenoBanun Matsuenko O.1O. u coaBT. ObI-
JIU TIONTyYeHBI Pe3yJIbTaThl MOKa3aTells MHIeKca Koa-
TYJAIUHA TAIlUeHTOB, KOTOPBIM PacCYUTHIBAIA HA OC-
HoBaHuM JaHHbIXx TI'T. V¥V mnaiueHToB, NpUHUMAaB-
mux [TOAK, 3HaueHus: UHAEKCa KOaryJsilui 3Ha4uMO
HE OTJIMYAINCh OT COOTBETCTBYIOIErO IOKa3aTels
3JIOPOBBIX JIMIL. DTO CBUAETENHCTBYET O BOCCTaHOB-
JIEHUU TEeMOCTaTHYeCcKoro Oamanca Ha (OHE MPOBO-
IMoi TipodrtakTHKH. B TO jke Bpems, 3HaUCHUE WH-
JIeKCa KOAryJsillud Yy T[alueHTOB, HE IOJIyYaB-
mmx [IOAK, ObLIO BhINIE OJHOMMEHHBIX MAPAMETPOB
Kak Ha ()OHE mpreMa MpernapaToB, TaK U B KOHTPOIIb-
HOW TpyTIe, YTO YKa3blBaJlo HA COXpaHEHHe nucha-
JaHCa B CHCTEME TeMOCTa3a IIOCie IEepPEeHECEHHOM
B TSDKEJION WM CpelHEeTsDKeIo (opMe HOBOW KOPO-
HaBUPYCHOU MHQpeKun. Takxe JUIsl MallUeHTOB C He-
OJTarOTPUATHBIM HCXOJIOM 3a00JIeBaHMs OBLIO Xapak-
TEpPHO yBeJIWUYEHHE YpoBHSA D-auMepa B cpaBHEHHH
C pe3yJibTaTaMH BBDKUBIIMX OONBHBIX. MenuaHa aaH-
HOT'O TMoKa3zarens Obuia B 4,3 pasa Bbllle B TpyIIe
MAIMEHTOB ¢ HEeOJIaronpusSTHBIM UCXOJIOM 3abolieBa-
Hus [28,29]. YkazaHHbIe pe3ybTaThl B LIEJIOM COTJia-
CYIOTCSI C TIOJYYCHHBIMH aBTOpPaMH JTAaHHBIMH O TIO-
BBIIIICHUH ypOBHS D-nuMepa y MalueHTOB C pa3BUB-
[IeMcs MOCTKOBUIHBIM COCTOSTHUEM C OJHOBPEMEH-
HO# Koppemsauelt mapameTpoB TI'T Ha dhone mpoBo-
IUMoi aHTHTpoMOoTHUeckoi Tepanueii [IOAK.
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3aknoueHune

[IpoBenennoe nccinenoBaHne MOATBEPKAALT, YTO
MOCTKOBUIHBI CHHJPOM CBSI3aH C IPOJOHTMPOBAH-
HOW aKkTHBallMed CHCTEMBI I€MOCTa3a, XapaKTepHU3y-
foleiics HapacTaHWeM KOHILEHTparun D-gumepa x
HIECTOMY MecsIly HaOJIOACHUS 10 CPaBHEHHIO C OCT-
pBIM TieprogoM 3aboneBanusa. OTCyTCTBUE 3HAYUMOM
KOPPEJIALNOHHON CBSI3U MEXIY HUCXOIHBIMH U TEKY-
IIMMH 3HAYEHUSIMH JTAaHHOTO MapKepa yKasbIBaeT Ha
HE3aBUCUMBIH XapakTep OTCPOUYEHHBIX HapyLIEHUH
¢bubpuHOIN3a, 00YCIOBIEHHBIX, BEPOSITHO, CTONKOM
SHIOTEIUAIBHON TUCPYHKIHUEH, a HE TSHDKECTBIO Tep-
BHYHOH Koaryionatuu. B Toxe Bpemsl MHTerpaiabHas
OIIGHKAa COCTOSIHMSI CHUCTEMBI IéMOCTa3a Ha OCHOBE
TeCTa TIeHepaluu TPOMOMWHA IMO3BOJISIET OLEHUTh
3 PEKTUBHOCTH MPOBOJUMOI aHTUKOATYJISIHTHOW Te-
panuu.

Cnucok nutepartypbl

1. Fang Y., Zhou J., Ding X., Ling G., Yu S. Pulmo-
nary fibrosis in critical ill patients recovered from COVID-19
pneumonia: Preliminary experience / Am J Emerg Med.
2020. Vol. 38, N10. P. 2134-2138.

2. Parotto M., Gyongydsi M., Howe K., et al. Post-
acute sequelae of COVID-19: understanding and addressing
the burden of multisystem manifestations // Lancet Respir
Med. 2023. Vol. 11, N8&. P. 739-754.

3. Pavli A., Theodoridou M., Maltezou H.C. Post-
COVID syndrome: incidence, clinical spectrum, and chal-
lenges for primary healthcare professionals // Arch Med
Res. 2021. Vol. 52, N6. P. 575-581.

4. Subramaniam S., Kothari H., Bosmann M. Tissue
factor in COVID-19-associated coagulopathy // Thromb
Res. 2022. Vol. 220. P. 35-47.

5. Baillie K., Davies H.E., Keat S.B.K., et al. Com-
plement dysregulation is a prevalent and therapeutically
amenable feature of long COVID // Med. 2024. Vol. 5, N3.
P.239-253.e5.

6. Ackermann M., Verleden S.E., Kuehnel M., et al.
Pulmonary Vascular Endothelialitis, Thrombosis, and An-
giogenesis in Covid-19 / N Engl J Med. 2020. Vol. 383,
N2. P. 120-128.

7. Varga Z., Flammer A.J., Steiger P., et al. Endothe-
lial cell infection and endotheliitis in COVID-19 // Lancet.
2020. Vol. 395, N10234. P. 1417-1418.

8. Goshua G., Pine A.B., Meizlish M.L., et al. Endo-
theliopathy in COVID-19-associated coagulopathy: evi-
dence from a single-centre, cross-sectional study // Lancet
Haematol. 2020. Vol. 7, N8. P. e575-e582.

9. Libby P., Liischer T. COVID-19 is, in the end,
an endothelial disease // Eur Heart J. 2020. Vol. 41, N32.
P. 3038-3044.

10.Ramlall V., Thangaraj P.M., Meydan C., et al.
Immune complement and coagulation dysfunction in ad-
verse outcomes of SARS-CoV-2 infection // Nat Med.
2020. Vol. 26, N10. P. 1609-1615.

11. Skendros P., Mitsios A., Chrysanthopoulou A.,
et al. Complement and tissue factor-enriched neutrophil
extracellular traps are key drivers in COVID-19 immuno-
thrombosis // J Clin Invest. 2020. Vol. 130, N11. P. 6151—
6157.

12.Cugno M., Meroni P.L., Gualtierotti R., et al.
Complement activation in patients with COVID-19: A nov-
el therapeutic target. J Allergy Clin Immunol // 2020.
Vol. 146, N1. P. 215-217.

13. Hottz E.D., Azevedo-Quintanilha 1.G., Palhinha L.,
et al. Platelet activation and platelet-monocyte aggregate
formation trigger tissue factor expression in patients with
severe COVID-19 // Blood. 2020. Vol. 136, N11. P. 1330—
1341.

14. Manne B.K., Denorme F., Middleton E.A., et al.
Platelet gene expression and function in patients with
COVID-19 // Blood. 2020. Vol. 136, N11. P. 1317-1329.

15.Barrett T.J., Lee A.-H., Xia Y., et al. Platelet and
vascular biomarkers associate with thrombosis and death in
coronavirus disease // Circ Res. 2020. Vol. 127, N7.
P. 945-947.

16. Middleton E.A., He X.Y., Denorme F., et al. Neu-
trophil extracellular traps contribute to immunothrombosis
in COVID-19 acute respiratory distress syndrome // Blood.
2020. Vol. 136, N10. P. 1169-1179.

17.Zvo Y., Yalavarthi S., Shi H., et al. Neutrophil ex-
tracellular traps in COVID-19. JCI Insight. 2020. Vol. 5,
NI11. P. e138999.

18.Bikdeli B., Madhavan M.V., Gupta A., et al.
Pharmacological agents targeting thromboinflammation in
COVID-19: review and implications for future research //
Thromb Haemost. 2020. Vol. 120, N7. P. 1004-1024.

19. Nougier C., Benoit R., Simon M., et al. Hypofibri-
nolytic state and high thrombin generation may play a ma-
jor role in SARS-COV?2 associated thrombosis // J Thromb
Haemost. 2020. Vol. 18, N9. P. 2215-2219.

20. Thachil J. Hypoxia-An overlooked trigger for
thrombosis in COVID-19 and other critically ill patients //
J Thromb Haemost. 2020. Vol. 18, N11. P. 3109-3110.

21.Merrill J.T., Erkan D., Winakur J., James J.A.
Emerging evidence of a COVID-19 thrombotic syndrome
has treatment implications / Nat Rev Rheumatol. 2020.
Vol. 16, N10. P. 581-589.

22.Thachil J., Tang N., Gando S., et al. ISTH interim
guidance on recognition and management of coagulopathy
in COVID-19 // J Thromb Haemost. 2020. Vol. 18, N5.
P. 1023-1026.

23. Campello E., Bulato C., Spiezia L., et al. Throm-
bin generation in patients with COVID-19 with and without
thromboprophylaxis // Clin Chem Lab Med. 2021. Vol. 59,
N7. P. 1323-1330.

24.Tripodi A. Thrombin generation assay and
its application in the clinical laboratory // Clin Chem. 2016.
Vol. 62, N5. P. 699-707.

25.Benati M., Salvagno G.L., Nitto S., et al. Throm-
bin generation in patients with coronavirus disease 2019 //
Semin Thromb Hemost. 2021. Vol. 47, N4. P. 447-450.

46 NabGopartopHas v knuHKUYeckas MeauumuHa. ®apmauus, 2026, Tom 6, Ne 2



Original articles

Khimina M. V., Sirotkina O. V., Karpova Y. I., Zolotova E. A., Vavilova T. V. ‘Thrombin generation test and D-dimer assay in post-COVID patients’

26.Bouck E.G., Denorme F., Holle L.A., et al.
COVID-19 and sepsis are associated with different abnor-
malities in plasma procoagulant and fibrinolytic activity //
Arterioscler Thromb Vasc Biol. 2021. Vol. 41, NI.
P.401-414.

27.Lehmann A., Prosch H., Zehetmayer S., et al.
Impact of persistent D-dimer elevation following recovery
from COVID-19 // PLoS One. 2021. Vol. 16, NI10.
P. e0258351.

28. Martsuenko O.1O., Kopcakosa H.E., Jlepuep A.A.,
u 1p. CocTosiHEE IIa3MEHHOTO 3BEHa IeMOCTa3a y MalieH-
TOB C KOPOHaBHPYCHOH MH(EKUUeH, BBI3BAaHHOH BHPYCOM
SARS-CoV-2 // Tpom603, remoctas u peosorust. 2020. Ne4.
C. 52-56.

29. Matsuenko O.1O., Koounsackas B.A., CmupHo-
Ba O.A., u ap. CocTosiHUE CUCTEMBI T€MOCTa3a y MallUeHTOB,
MEPEHECIINX HOBYIO KOPOHABHPYCHYIO MHOEKIU0. Jddek-
THBHOCTh aHTHKOATyJSTHTHOW MpOoQHIakTHKY // BronnereHb
MenunuHcko Hayku. 2022. T. 3, Ne27. C. 30—36.

References

1. Fang Y, Zhou J, Ding X, Ling G, Yu S. Pulmonary
fibrosis in critical ill patients recovered from COVID-19
pneumonia: Preliminary experience. Am J Emerg Med.
2020;38(10):2134-38. DOI: 10.1016/j.ajem.2020.05.120

2. Parotto M, Gyongyosi M, Howe K, et al. Post-
acute sequelae of COVID-19: understanding and addressing
the burden of multisystem manifestations. Lancet Respir
Med. 2023;11(8):739-54. DOI: 10.1016/S2213-2600(23)
00239-4

3. Pavli A, Theodoridou M, Maltezou HC. Post-
COVID syndrome: incidence, clinical spectrum, and chal-
lenges for primary healthcare professionals. Arch Med Res.
2021;52(6):575-81. DOI: 10.1016/j.arcmed.2021.03.010

4. Subramaniam S, Kothari H, Bosmann M. Tissue
factor in COVID-19-associated coagulopathy. Thromb Res.
2022;220:35-47. DOI: 10.1016/j.thromres.2022.09.025

5. Baillie K, Davies HE, Keat SBK, et al. Comple-
ment dysregulation is a prevalent and therapeutically ame-
nable feature of long COVID. Med. 2024;5(3):239-53.e5.
DOI: 10.1016/j.med;j.2024.01.011

6. Ackermann M, Verleden SE, Kuehnel M, et al.
Pulmonary Vascular Endothelialitis, Thrombosis, and Angi-
ogenesis in Covid-19. N Engl J Med. 2020;383(2):120-8.
DOI: 10.1056/NEJMo0a2015432

7. Varga Z, Flammer AJ, Steiger P, et al. Endothelial
cell infection and endotheliitis in COVID-19. Lancet.
2020;395(10234):1417-8. DOI:  10.1016/S0140-6736(20)
30937-5

8. Goshua G, Pine AB, Meizlish ML, et al. Endothe-
liopathy in COVID-19-associated coagulopathy: evidence
from a single-centre, cross-sectional study. Lancet Haema-
tol. 2020;7(8):e575-82. DOI: 10.1016/S2352-3026(20)
30216-7

9. Libby P, Liischer T. COVID-19 is, in the end,
an endothelial disease. Fur Heart J. 2020;41(32):3038-44.
DOI: 10.1093/eurheartj/ehaa623

10.Ramlall V, Thangaraj PM, Meydan C, et al.
Immune complement and coagulation dysfunction in ad-
verse outcomes of SARS-CoV-2 infection. Nat Med.
2020;26(10):1609-15. DOI: 10.1038/s41591-020-1021-2

11. Skendros P, Mitsios A, Chrysanthopoulou A, et al.
Complement and tissue factor-enriched neutrophil extracel-
lular traps are key drivers in COVID-19 immunothrom-
bosis. J Clin Invest. 2020;130(11):6151-7. DOI: 10.1172/
JCI141374

12. Cugno M, Meroni PL, Gualtierotti R, et al. Com-
plement activation in patients with COVID-19: a novel
therapeutic target. J Allergy Clin Immunol. 2020;146(1):215-7.
DOI: 10.1016/j.jaci.2020.05.006

13.Hottz ED, Azevedo-Quintanilha IG, Palhinha L,
et al. Platelet activation and platelet-monocyte aggregate
formation trigger tissue factor expression in patients
with severe COVID-19. Blood. 2020;136(11):1330-41.
DOI: 10.1182/blood.2020007252

14.Manne BK, Denorme F, Middleton EA, et al.
Platelet gene expression and function in patients with
COVID-19. Blood. 2020;136(11):1317-29. DOI: 10.1182/
blood.2020007214

15.Barrett TJ, Lee AH, Xia Y, et al. Platelet and vas-
cular biomarkers associate with thrombosis and death in
coronavirus disease. Circ Res. 2020;127(7):945-7. DOI:
10.1161/CIRCRESAHA.120.317803

16. Middleton EA, He XY, Denorme F, et al. Neutro-
phil extracellular traps contribute to immunothrombosis in
COVID-19 acute respiratory distress syndrome. Blood.
2020;136(10):1169-79. DOI: 10.1182/blood.2020007008

17.Zvo Y, Yalavarthi S, Shi H, et al. Neutrophil ex-
tracellular  traps in  COVID-19. JCI  Insight.
2020;5(11):e138999. DOI: 10.1172/jci.insight.138999

18. Bikdeli B, Madhavan MV, Gupta A, et al. Pharma-
cological agents targeting thromboinflammation in COVID-
19: review and implications for future research. Thromb
Haemost. 2020;120(7):1004-24. DOI: 10.1055/s-0040-
1713152

19. Nougier C, Benoit R, Simon M, et al. Hypofibrino-
lytic state and high thrombin generation may play a major
role in SARS-COV2 associated thrombosis. J Thromb
Haemost. 2020;18(9):2215-9. DOI: 10.1111/jth.15016

20. Thachil J. Hypoxia-An overlooked trigger for
thrombosis in COVID-19 and other critically ill patients.
J Thromb Haemost. 2020;18(11):3109-10. DOI: 10.1111/
jth.15029

21.Merrill JT, Erkan D, Winakur J, James JA. Emerg-
ing evidence of a COVID-19 thrombotic syndrome has
treatment implications. Nat  Rev  Rheumatol.
2020;16(10):581-9. DOI: 10.1038/s41584-020-0474-5

22.Thachil J, Tang N, Gando S, et al. ISTH interim
guidance on recognition and management of coagulopathy
in COVID-19. J Thromb Haemost. 2020;18(5):1023-6.
DOI: 10.1111/jth.14810

23. Campello E, Bulato C, Spiezia L, et al. Thrombin
generation in patients with COVID-19 with and without
thromboprophylaxis. Clin Chem Lab Med.
2021;59(7):1323-30. DOI: 10.1515/cclm-2021-0108

24. Tripodi A. Thrombin generation assay and its ap-
plication in the clinical laboratory. Clin Chem.
2016;62(5):699-707. DOI: 10.1373/clinchem.2015.248625

Laboratory and Clinical Medicine. Pharmacy, 2026, Vol. 6, No. 2 47



OpVIWIHaanbIe CTaTby

Xumuna M. B., Cupotkuna O. B., Kapnosa tO. 1., 3onoTosa E. A., Baiunosa T. B. «Tect reHepaLym TpombuHa 1 D-gumep y naupenTos B otaaneHHom nepuoge COVID-19»

25.Benati M, Salvagno GL, Nitto S, et al. Thrombin
generation in patients with coronavirus disease 2019. Semin
Thromb Hemost. 2021;47(4):447-50. DOI: 10.1055/s-0041-
1722844

26.Bouck EG, Denorme F, Holle LA, et al
COVID-19 and sepsis are associated with different abnor-
malities in plasma procoagulant and fibrinolytic activity.
Arterioscler Thromb Vasc Biol. 2021;41(1):401-14. DOI:
10.1161/ATVBAHA.120.315338

27.Lehmann A, Prosch H, Zehetmayer S, et al. Impact
of persistent D-dimer elevation following recovery from

COVID-19. PLoS One. 2021;16(10):0258351.
10.1371/journal.pone.025835

28. Matvienko OYu, Korsakova NE, Lerner AA, et al.
Plasma hemostasis in patients with coronavirus infection
caused by SARS-CoV-2. Tromboz, Gemostaz I Reologiya.
2020;4:52-6. (In Russ). DOI: 10.25555/THR.2020.4.0945

29.Matvienko OYu, Golovina OG, Kobylans-
kaya VA, et al. Assessment of hemostasis state in patients
after new coronavirus infection. Efficiency of anticoagulant
prophylaxes. Bulletin of Medical Science. 2022;3(27):30-6.
(In Russ). DOI: 10.31684/25418475 2022 3 30

DOI:

Hoctynuaa B penakuuio / Received 31.05.2026
Hpunsara k myoauxanum / Accepted 08.06.2026

KoH(paukT uHTepecoB. ABTOPHI 3asBIAIOT 00 OTCYTCTBHH KOH(DIMKTa HHTEPECOB.
Conflict of interest. The authors declare no conflict of interest.

®dunancupoBaHue. llccienoBanue NpoBeaeHo 0e3 CIIOHCOPCKOM MOAIEPKKH.
Financing. The study was conducted without sponsorship.

Bkian aBTopos.

Bce aBTOpBI caenaiy S5KBUBaJICHTHBIN BKIIA/l B MOJITOTOBKY ITyOIHKAaIHH.
Authors’ contributions.

All authors contributed equally to this article.

Caenenns 00 aBropax / Information about authors

Mapus BiaagumupoBHa XUMHHA — CIIEIHAIICT yueOHO-HAy9HOH abopaTopun Kadeaps! saboparop-
HoW MeauuuHbl ¢ kmuHUKoN OI'BY «Harmmonaneneiit Menununackuii UccnenoBatensckuil LieHTp nMeHn
B.A. AnmazoBa» MunncrepctBa 3apaBooxpaHeHus Poccmiickoit ®enepanum, Cankr-IlerepOypr,
Poccus.

Maria V. Khimina — specialist of the Department of Laboratory Medicine with Clinic, Almazov National
Medical Research Centre, Saint-Petersburg, Russia.

E-mail: khiminamaria@gmail.com
ORCID: 0009-0009-8287-8856

Oubra BacuibeBHa CHPOTKHHA — OTBETCTBEHHBIH 32 CBS3b C peAakiyei, 1.0.H., JOIeHT, mpodeccop
Kagenpsl adopaTopHoii Meauimubl ¢ kmHUKONH OI'BY «Hanmonansubiii Meanmuckuii Mccnenosa-
tenbeckuid Llentp mvmenu B.A. AnmasoBay MunucrepctBa 3apaBooxpanenus Poccuiickoit ®eneparmm,
Poccus, Cankr-IlerepOypr, Beaynuid HaydHbIH COTPYAHUK JIADOPATOPHH MOJIEKYJISIPHON T€HETHKH Ye-
JIoBeKa, I'aTunna, Poccus.

Olga V. Sirotkina — D. Sci. (Biol.), Professor of Department of Laboratory Medicine with Clinic, Almazov
National Medical Research Centre, Saint-Petersburg, Russia; Leading Researcher of the Laboratory of Hu-
man Molecular Genetics, Petersburg Nuclear Physics Institute named by B.P. Konstantinov of National
Research Centre ‘Kurchatov Institute’, Gatchina, Russia.

E-mail: Sirotkina OV@almazovcentre.ru
ORCID: 0000-0003-3594-1647. PUHII ID: 128489

IOaus UcmannoBHa KapnoBa — K.M.H., IOLIEHT, JAOLEHT Kadeapsl 1abopaTOpHONH MEIUIIMHBI C KIIMHH-
kot ®I'BY «Hanmonansuerit Mennuuuckuii Mccnenoparensckuii Llentp nmenn B.A. AnmazoBa» Mu-
HUCTEPCTBa 37paBooxpaHeHus Poccuiickoit denepanuu, Cankt-IlerepOypr, Poccust.

Yuliya I. Karpova — PhD (Med.), MD, Associate Professor of Department of Laboratory Medicine with
Clinic, Almazov National Medical Research Centre, Saint-Petersburg, Russia.

E-mail: yuliaismailovna@mail.ru
ORCID: 0000-0003-2756-0334

48 Na6opatopHas 1 knuHUYeckas MeguumHa. ®apmauus, 2026, Tom 6, Ne 2



Original articles

Khimina M. V., Sirotkina O. V., Karpova Y. I., Zolotova E. A., Vavilova T. V. ‘Thrombin generation test and D-dimer assay in post-COVID patients’

Exatepuna AsiekceeBHa 30J10TOBa — K.M.H., aCCUCTEHT Kadeapbl JJaAOOpaTOPHOIl METUIIMHBI C KINHH-
kot ®I'BY «Hauumonaneueiit Menununckuit UccnenoBatenbckuit Llentp umenu B.A. AnmaszoBa»
Munmncrepcersa 3apaBooxpanenus Poccuiickoit @enepanun, Cankr-IlerepOypr, Poccust.

Ekaterina A. Zolotova — PhD (Med.), MD, Assistant of Department of Laboratory Medicine with Clinic,
Almazov National Medical Research Centre, Saint-Petersburg, Russia.

E-mail: katerinazolotoval @gmail.com

ORCID: 0000-0001-7399-2811

TatbsaHa BaamumupoBHa BaBmioBa — a.M.H., mpodeccop, 3aBemyrommii kadeapoi 1adopaTopHO
MemuiuHbl ¢ KIMHUKOW @I'BY  «Hamumonaneueii Meauunnckuit  McecnenoBatenbckuil  LleHTp
nmenu B.A. AnmazoBa» MununcrepcTBa 3apaBooxpanenus Poccuiickoit deneparyn, Canxr-IlerepOypr,
Poccus.

Tatyana V. Vavilova — D.Sci.(Med.), Professor, Head of Department of Laboratory Medicine with Clinic,
Almazov National Medical Research Centre, Saint-Petersburg, Russia.

E-mail: Vavilova TV@almazovcentre.ru
ORCID: 0000-0001-8537-3639

Laboratory and Clinical Medicine. Pharmacy, 2026, Vol. 6, No. 2 49



