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Abstract

Introduction. The pandemic of a novel coronavirus infection has demonstrated the importance of assessing the ADAMTS-13/vWF
axis in patients with COVID-19, because a decline in this ratio mirrors disease severity. However very few data in the global
literature on crosstalk and ADAMTS-13/vWF levels in pregnant women remaining very contradictory are available. Taking into
consideration an impact of the ADAMTS-13/VWF axis on prevalence of thrombosis and disorders in the hemostasis system,
investigation of this issue is highly demanded.

Aim: to assess the functioning of the ADAMTS-13/vWF axis during physiological pregnancy.

Materials and Methods. A controlled non-randomized study was conducted: main group included 44 women with physiologically
occurring pregnancies at I, [l and Ill trimesters; the control group consisted of 45 healthy non-pregnant women. The plasma level
of ADAMTS-13 inhibitor (ADAMTS-13:i), ADAMTS-13 antigen (ADAMTS-13:Ag), VWF antigen (VWF:Ag), and ADAMTS-13 activity
(ADAMTS-13:Ac) as well as relevant ratio (ADAMTS-13:Ac/VWF:Ag) were measured.

Results. It was shown that in parallel with increasing gestational age, significant changes occurred in the ADAMTS-13:Ac/VWF:Ag
ratio. In main group, patients at Il trimester were found to have level of ADAMTS-13:Ac/VWF:Ag 0.359 + 0.121, in lll trimester —
0.253 + 0.741, which significantly differed (p < 0.01) compared to control group with non-pregnant women (1,134 + 0,308).

Conclusion. Our study provides new insights into the functioning of the ADAMTS-13:/VWF axis in women with physiologically
occurring pregnancy at I, Il and Ill trimesters. Decline in ADAMTS-13:Ac was demonstrated along with increasing vVWF:Ag level
observed in parallel with increasing gestational age. Apparently, the progressive decrease of ADAMTS-13 concentration during
pregnancy is associated with its increased consumption due to high vVWF level. However, due to the small single-center patient
cohort, further studies with larger-scale studies are needed.
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Pestome

Beepenue. NaHneMus HOBOM KOPOHABUPYCHOI MHCDEKLMM NPOLIEMOHCTPMPOBAa BaXXHOCTb OLeHKU oci ADAMTS-13/VWF (meTan-
nonpotenHaza ADAMTS-13/thaktop cpoH Bunnebpanga) y naunentos ¢ COVID-19, nockonbKy CHUXEHWE 3TOTO COOTHOLIEHUS
OTpaxaeT TKeCTb 3abonieBaHns. OQHAKO [aHHbIX B MWUPOBOW NnuTepatype O B3auMofencTeun u ypoBHsx ADAMTS-13/vWF
y 6ePEMEHHbIX 04€Hb Mano 1 BCe OHW BECbMa NPOTUBOPEYNBLI. YanTbiBas BnmsHue oct ADAMTS-13/vVWF Ha 4acToTy TPOMO0308,
HapyLLUEHWil B CUCTEME reMoCTasa, UCCeloBaHNe 3TOro BONPOCca ABMAETCH KPanHe He0OX04UMbIM.

Llenb: nsyyenne yHkumonnposanus ocu ADAMTS-13/VWF npu puamonornyeckoin 6epeMeHHOCTH.

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PUArAEE Ve v

Matepuanbl U meTofibl. [1pOBEAEHO KOHTPONMPYEMOE HEPAHLOMMU3NPOBAHHOE WMCCHEAOBAHME: B OCHOBHYIO Tpynny BOLUAN
44 eHLUNHbI C hM3MO0NOrNYeckn npoTekatoLlern 6epemeHHoCTb0 B |, Il n Il TpuMecTpax, KOHTPONbHYK rpynny COCTaBUIIN
45 370p0BbIX HEOEPEMEHHbIX XXEHLUMH. B nnasme Kposw onpefensanu copepxadue unruéuropa ADAMTS-13 (ADAMTS-13:0),
aHturesa ADAMTS-13 (ADAMTS-13:Ag), antureHa vIWF (VWF:Ag) n aktusHocTb ADAMTS-13 (ADAMTS-13:Ac), a Takxe 1x cooT-
HoweHune (ADAMTS-13:Ac/VWF:AQ).

PesynbTatbl. C yBeNMYEHNEM CPOKA FecTaLmn MPOUCXOAAT 3HaYNTENbHbIE U3MEHeHUs B COOTHOLEeHU ADAMTS-13:Ac/VWF:Ag.
Y naumeHToK 13 0CHOBHOI rpynnbl BO Il TpumecTpe cooTHoweHne ADAMTS-13:Ac/VWF:Ag coctasuno 0,359 + 0,121, B Ill Tpume-
ctpe — 0,253 £ 0,741, 4TO UMENO CTATUCTMHECKN 3Ha4UMble pasnnyns (p < 0,01) no cpaBHeHWO C KOHTPOJILHON FPYNMNoii Hebepe-
MEHHbIX XeHLuH (1,134 £ 0,308).

3akno4enue. Hawe nccnefoBaHme 4aeTt HOBbIe NPeACTaBeHNs 0 PyHKLUMOHMpoBaHUN oc ADAMTS-13/VWF y XeHLwuH ¢ dusn-
0NIOrMYeCcKM npoTekatowen 6epemeHHOCTbIO B |, 11 u [l TpumecTpax. MpoaemoHCTprUpoBaHo cHimkeHne ADAMTS-13:Ac Ha dhoHe
pocta ypoBHs VWF:Ag, HabntoaBLIeecs C yBeNuYeHneM cpoka 6epemMeHHOCTU. [10-BUAMMOMY, NPOTrPECCUPYIOLLEE CHUKEHE
KoHLeHTpauun ADAMTS-13 BO BpeMsi 6EPEMEHHOCT CBA3AHO C €€ YBEIMYEHHbIM NOTPEBIEHNEM M3-32 BbICOKOTO COAEPXaHNs
VWF. OgHako BBMAY HEOONbLLOA OAHOLEHTPOBO BbIOOPKN HEOOXOANMbI AanbHEeiiLLne NCCNeaoBaHna ¢ 66bLINM KONUYECTBOM
NawneHTOoB.

Kntouesble cnosa: metannonpotenHasa ADAMTS-13, 6epeMeHHOCTb, rectauus, daktop oH Bunnebpanaa, VWF

Ina umtupoBanus: puropsesa K.H., Tawwmmosa H.P., buuapse B.O., Mankpatbesa J1.J1., Xu3dpoesa [.X., TpeTbskoBa M.B.,
Linénsosa B.W., Oertapesa H.[., MyneHkosa A.B., Tpu X.-K., KBapauxenus M.B., IpanmoHe 3., flky6osa ®.3., bnnxos [.B.,
Makauapus A.[. KnuHuyeckoe 3HaqeHue coctosHus oct ADAMTS-13/VWF y 6epemMeHHbIX B pasnnyHble TPUMECTPbI rectauuim.
Akyepctso, [nHekonorus v Penpogykuus. 2023;17(2):xxx—xxx. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2023.405.
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What is already known about this subject?

» The COVID-19 pandemic has demonstrated that a decline in
ADAMTS-13/vWEF ratio is a predictor of unfavorable outcomes
and points at developing endotheliopathy.

» Normally, pregnancy is characterized by development of
hypercoagulation.

What are the new findings?

» Significantly altered ADAMTS-13/VWF ratio along with
increasing gestational age was demonstrated, especially
pronounced in the third trimester.

How might it impact on clinical practice in the foreseeable
future?

» Investigating dynamic change in ADAMTS-13/vWF ratio in
physiological pregnancy will allow to further examine it in
diverse pathologies able to occur during pregnancy.

Introduction / BBegenue

The hemostasis system being one of essential arms
in hemostasis in health and disease of pregnancy has
always been of great interest. Owing to the advances
in molecular biology occurred over the last decades, it
was discovered that zinc-containing metalloproteinase
ADAMTS-13 (a disintegrin and metalloproteinase with
thrombospondin type 1 motif, member 13) and von
Willebrand factor (vWF) play an extremely important role
in hemostasis [1-3].

Von Willebrand factor is a plasma glycoprotein
produced by the endothelium [4] exerting multiple
functions in the human body primarily resulting in
platelet recruitment and binding [5]. Microscopic studies
showed that in the absence of endothelial damage, VWF

in a folded form functions to preventing platelet adhesion.

When a blood vessel becomes damaged, VWF “spreads
out” and attracts ADAMTS-13 metalloproteinase that
cleaves ultra-large VWF multimers [6]. Upon a large
area of endothelial damage, a massive vVWF release from
Weibel-Palade bodies occurs leading to the so-called
‘relative" VWF-protease deficiency. ADAMTS-13 deficiency
results in accumulated ultra-large VWF molecules and
platelet adhesion followed by platelet consumption and
microvasculature thrombosis [1, 5].

Normal pregnancy is characterized by developing
hypercoagulant state. In recent years, due to the
COVID-19 pandemic, it has been found that endothelial
damage in hyperinflammation occurs along with the
ADAMTS-13/VWF system dysregulation [7] resulting in
the microcirculatory disorders and leading to multiple
organ failure. Preeclampsia (PE) is one of the prominent

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToi Teme?

» [Mangemus COVID-19 npoaeMOHCTpUpOBana, Y10 CHUKEHUe
oTHoLWeHns ADAMTS-13/VWF aBnsieTcs npeaMKTopom Hebna-
FONPUATHBIX UCXOLOB W YKa3blBAET HA Pa3BUTUE 3HAOTENNO-
naTtun.

» B Hopme GepeMeHHOCTb XapakTepuayeTcs PasBUTMEM TuMmep-
KOarynsiHTHOr0 COCTOSHMASL.

Y710 HOBOrO 1a€T CTaTbhAA?

» [1pOEMOHCTPUPOBAHbI  3HAYUMble  M3MEHEHUS  OTHOLLEHMS
ADAMTS-13/VWF ¢ yBenu4eHnem cpoka recrauun, 0CO6eHHO
AIPKO BbIpaXeHHble B Il TpumecTpe.

Kak aTo MoXeT noBnuATbL Ha KIMHUYECKYH0 NPAKTUKY
B 0603pumom Gyayiiem?

» V13y4eHne auHamukn cooTHowweHus ADAMTS-13/VWF npu
chusnonornyeckon 6GEPEMEHHOCT MO3BONUT B OyayLlem
U3y4uTb 3TN NOKA3ATENN NPU PA3NMUYHBIX NATONOMUsX, KOTOPbIE
MOTYT BO3HWUKHYTb BO BPeMsi 6EPEMEHHOCTN.

cases of the endotheliopathy developing during pregnancy.
Patients with PE were found to have substantially
altered pro- and anticoagulant pathways, which result in
developing the super-hypercoagulable state [8, 9].

Aim: to assess the functioning of the ADAMTS-13/vWF
axis during physiological pregnancy.

Materials and Methods / MaTepuaixst
M METOJbI

Study design / in3aith uccnepoBaHus

At the clinical facilities of the Perinatal Center of
Vorokhobov City Clinical Hospital No 67 and "Medical
Women's Center" LLC, there was conducted a controlled
non-randomized study enrolling 193 patients -
148 pregnant and 45 non-pregnant women.

Inclusion and exclusion criteria / Kputepuu BknioyeHus
M UCKNIOYEHMA

Inclusion criteria for main group: age over 18 years;
healthy pregnant women with a physiological pregnancy
at the [, Il and Ill trimesters; written voluntary informed
consent to participate in the study

Inclusion criteria for control group: age over 18 years;
no pregnancy confirmed; written voluntary informed
consent to participate in the study.

Exclusion criteria: convalescent women who had
acute respiratory infections (ARI) and bacterial infection
during pregnancy; with PE history; PE developed during
pregnancy; unsatisfactory results of the first screening;
positive glucose tolerance test; confirmed positive test
for antibodies against human immunodeficiency virus,
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markers of viral hepatitis B and C and syphilis; history
of malignant neoplasms, somatic pathology; preterm
delivery; refusal to participate in the study.

Study methods / MeToab! uccnegoBanus

Peripheral blood samples (volume: 9 ml) were collected
from pregnant females (main group) at three time points:
at first screening (gestational age: from 11 to 13 weeks),
during oral glucose tolerance test (gestational age: from
24 weeks to 26 weeks 6 days), and at first period of la-
bor. In healthy non-pregnant women (control group), peri-
pheral blood samples (volume: 9 ml) were collected at
a single time point. Peripheral blood sampling was per-
formed with a dry sterile needle from the cubital vein into
a plastic tube added with an anticoagulant (sodium citrate
solution 3.8 %), at 9:1 ratio. Whole blood was centrifuged
at 2,500 g for 20 min at 20-24 °C followed by storage at

-80 °C. Plasma level of ADAMTS-13 inhibitor (ADAMTS-
13:i), ADAMTS-13 antigen (ADAMTS-13:Ag), VWF anti-
gen (VWF:Ag) and ADAMTS-13 activity (ADAMTS-13:Ac)
was assessed using commercially available test Kkits
Technoclon Herstellung von Diagnostika und Arzneimit-
teln Gmb (TECHNOZYM®, Austria) followed by calcu-
lating the ADAMTS-13:Ac/vVWF:Ag ratio. Normal refe-
rence values were as follows: for ADAMTS-13:i <
15 U/ml, ADAMTS-13:Ag - 0.41-1.41 U/ml, VWF:Ag -
0.5-1.5 1U/ml (50-150 %) and activity ADAMTS-13:Ac -
0.4-1.3 IU/ml. Magnitude of the analyzed parameters in
pregnant women at the I, Il and Il trimesters was com-
pared with that of in non-pregnant women.

Ethical aspects / 3tuueckue acnekTbl

The study was approved by the Local Ethics Committee
at the Sechenov University, Protocol No. 03-23 dated
of February 16, 2023. All participants were informed
about the study nature and the inclusion criteria as
well as provided a signed voluntary informed consent
and received relevant comprehensive information. The
study was conducted in accordance with the ethical
requirements of the Declaration of Helsinki of the World
Medical Association

Statistical analysis / CTaTucTUYeCKMA aHanu3

Statistical data processing retrieved from Microsoft
Office Excel 2021 spreadsheets (Microsoft, USA) was
performed using the Jamovi program, version 2.3.22
(The jamovi project, Australia). Statistical analysis
included the calculation of descriptive statistics: mean
(M), standard deviation (SD), median (Me), limit of the

95 % confidence interval (95 % Cl). The Mann-Whitney
U-test was used to compare inter-group parameters.
Fisher's exact test was used to assess a significance for
examined parameters: p < 0.05 indicated the presence of
significant differences, p > 0.05 — no differences.

Results and Discussion / Pe3yapTaTsl 1
OOCY:K/IeHHE

Patient groups / 'pynnbl 06¢cnegoBaHHbIX

At the initial stage, there were enrolled 148 pregnant
women. However, during the study, the following subjects
were excluded: at trimester | — 7 pregnant women due
to ARI and 11 due to unsatisfactory results of the first
screening; at trimester Il — 6 pregnant women due to
ARI, 1 due to acute pyelonephritis and 4 due to a positive
oral glucose tolerance test; at trimester Ill — 10 pregnant
women due to ARI, 2 due to preterm delivery, 3 due to
early PE, 19 due to late PE and 41 with physiological
pregnancy due to delivery occurred in other medical
facilities (Fig. 1).

The main group included 44 women with
physiologically occurring pregnancies at the I, Il and Il
trimesters, the control group — 45 healthy non-pregnant
women planning pregnancy.

Clinical and anamnestic characteristics /
KnuHuko-aHamHecTHYeCcKas XapakTepucTuka

Clinical and anamnestic examination data of study
participants as well as perinatal outcomes are presented
in Table 1.

The examined women did not differ in age, somatic
status and body mass index, among them there were
no cases of perinatal mortality. History of pregnancy
loss before the week 10 in the main group was in 6 out
of 44 (13.64 %), in the control group — in 4 out of 45
(8.89 %). A history of pregnancy loss before week 22 was
observed only in the main group in 1 out of 44 (2.27%),
its cause was premature rupture of the membranes. In
the current pregnancy, vaginal delivery occurred in 33 out
of 44 (75.0%) patients with physiological pregnancy at
trimester lI; delivery by caesarean section was performed
in 11 of 44 (25.0 %), the delivery period ranged from 37
weeks to 41 weeks 2 days.

Laboratory results / PesynbTatbl nabopaTtopHbIx ucene-
[0BaHuiA

Table 2 presents the results of laboratory tests of the
women examined.
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Figure 1. Patient selection flowchart.
Note: ARl - acute respiratory diseases; OGTT+ — positive oral glucose tolerance test, PE — preeclampsia
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Table 1. Clinical and anamnestic characteristics of the examined women and perinatal outcomes.
Tabnuya 1. KnuHUKo-aHaMHeCTNYecKas XapakTepucTika 06¢cnej0BaHHbIX XKEHLLWH U NepuHaTanbHbIe UCXOAbI.
Parameter Main group Control group
NokasaTens OcHoBHas rpynna KoHTponbHas rpynna
n=44 n=45

Age, years, M / Bospacr, net, M 29,07 28,13

Min-max 22-40 18-37

Body mass index, kg/m?, M / lugexc macch! Tena, Kr/m?, M 24,60 24,06

Blood group, n (%): / Fpynna kposu, n (%):

« blood group 0/ rpynna kposu 0 19 (43,19) 15 (33,33)

« blood group A/ rpynna kposu A 14 (31,81) 16 (35,56)

« blood group B/ rpynna kposu B 8(18,19) 10 (22,22)

« blood group AB / rpynna kposu AB 3(6,81) 4 (8,89)

Obstetric and gynecological history, n: / AKyLLIEPCKO-TMHEKONOTYECKIA aHAMHES, N:

« former pregnancies / 6epeMeHHOCTI B aHaMHEe3e 19 16

« term delivery / cBOeBpeMeHHbIe PojbI 15 15

« preterm delivery / npexxaeBpemMeHHble pofbl 1 0

« loss of pregnancy before 10 weeks / notepu 6epemenHocTi 10 10 Hea 6 4

« loss of pregnancy before 22 weeks / notepu 6epeMeHHOCTI 10 22 Hef 1 0

Current pregnancy, n: / HactosLias 6epemMeHHOCTb, N:

« Natural delivery / pofibl 4epes ecTecTBEHHbIE POLOBbIE MYTH 33 -

« Cesarian section / poabl nyTem Kecapesa Ce4eHus 11 -

« Apgar score at 1 min < 8 points / oueHka o wkane Anrap Ha 1-it MuHyTe < 8 6annos 1 -

« Apgar score at 5 min < 8 points / oLieHka o wkane Anrap Ha 5-it MuHyTe < 8 6annos 0 —
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Clinical significance of ADAMTS-13/vWF axis in pregnant women
at different trimesters of gestation

Table 2. A panel of assessed laboratory parameters (M + SD).

Tabnuua 2. Pe3ynbratbl N3y4eHHbIX NabopaTopHbIx nokasateneit (M + SD).

AxymiepctBo, I'maekoaorusa u Pennpoaykiina RLrAEIvIvEvE

Main group / OcHoBHas rpynna Control group
Parameter | trimester Il trimester lll trimester KonTtponbHas p
Mapametp | TpumecTp Il TpumecTp Ill TpumecTp rpynna
n=44 n=44 n=44 n=45
0,534*
ADAMTS-13:Ac, IU/ml PO
ADAMTS-13:Ac, ME/Mn 0,846 + 0,094 0,526 + 0,112 0,446 + 0,088 0,871 +0,109 < 0,01
<0,01***
0,270*
ADAMTS-13:Ag, U/ml FRB
ADAMTS-13:Ag. EfJwn 0,991+0,198 | 0,875+0,099 | 0,773+0,139 0,961 + 0,212 0,075**
< 0,01
) 0,478*
ADAMTS-13, U/mi 1268+0,697 | 1417+0733 | 2413+1659 | 1486+0799 0,906**
ADAMTS-13:i, EQ/mn *xx
0,025
0,110*
VWF:Ag, IU/m| 0,945+ 0,191 1,516 £ 0,122 1,761 £ 0,281 0,885 + 0,222 <0,01**
VWF:Ag, ME/mn
<0,01***
0,348*
ADAMTS-13:Ac/VWF 0,924 + 0,323 0,359 + 0,121 0,253 + 0,741 1,134 £ 0,308 <0,01**
<0,01***

Note: *significant differences between main group (I trimester) and control group; **significant differences between main group (Il trimester) and control group,
***significant differences between main group (Il trimester) and control group, ADAMTS-13:Ac - ADAMTS-13 activity; ADAMTS-13:Ag — ADAMTS-13 antigen;
ADAMTS-13:1 - ADAMTS-13 inhibitor; vWF:Ag — von Willebrand factor antigen; significant differences are highlighted in bold.

TIpumeyanme: *3Ha4umocTb Pasanamnii MEXzy 0CHOBHOM rpynnoi (I TpUMecTp) n KOHTPOSIbHOU rPYNNoM; * *3HaYUMOCTb PasINYnil Mexy OCHOBHON rpymnnov

ok k

(Il TpumeECTp) M KOHTPOSILHOU rpynMo,

3HAYUMOCTb Pasnyuii Mexgy ocHoBHou rpynmod (Il Tpumectp) u kKoHTposbHOM rpynnon; ADAMTS-13:Ac —

aktusHocTs ADAMTS-13; ADAMTS-13:Ag — aHTureH ADAMTS-13; ADAMTS-13:i — nunrnoutop ADAMTS-13; vWF:Ag — aHTureH ghakropa

GhoH Bunnebpaxpa, BblAeneHbl 3HaYUMbIe Pasinyns.

The examined pregnant women showed statistical
differences in ADAMTS-13:Ac magnitude at trimesters |l
and Ill compared with control group (p < 0.01) indicating
that, normally, along with higher gestation period,
ADAMTS-13 activity gradually declines. At the same time,
at trimester |, it almost matched the level in non-pregnant
women (Fig. 2).

While assessing ADAMTS-13:Ag (Fig. 3), significant
differences were observed solely between main group at
trimester Ill and the control group (p < 0.01).

ADAMTS-13:i values in main group were as follows:
at trimester | — 1.268 + 0.697 U/ml, trimester Il — 1.417
+ 0.733 U/ml, and trimester Ill — 2.413 + 1.659 U/ml.
ADAMTS-13:i values in main group at trimester Ill vs.
control group (1.486 + 0.799 U/ml) differed significantly
(p = 0.025), whereas ADAMTS-13:i magnitude was within
the reference range (Fig. 4 ).

Significant differences in VWF:Ag level were noted
between pregnant women in main group at trimesters |I
and Ill (p < 0.01), but not at trimester | vs. control group
(Fig. 5).

As shown by many studies, vVWF tends to increase
in parallel with gestational age [10, 11]. Other studies
showing that vVWF levels markedly increase in patients
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< Main group Control
OcHosHas rpynna group
| trimester Il trimester Il trimester  KoHTponbHas
| TpumecTp Il pumectp Il TpumecTp rpynna

Figure 2. ADAMTS-13 (ADAMTS-13:Ac) activity in women with
physiological pregnancy at |, Il and Il trimesters (main group) and
in healthy non-pregnant women (control group).

Note: *p < 0.01 — significant differences compared to control group.

PucyHok 2. YpoBeHb akTueHocTM ADAMTS-13 (ADAMTS-13:Ac)
Y XEHLLMH C oM3M0N0rn4ecki npoTeKatoLLen 6epeMeHHOCTb0
B I, [l m Il TpMmecTpax (0CHOBHAA rpynna) vy 340p0BbIX
HebepPeMEHHbIX XEHLLUWH (KOHTPOSIbHAA rpynna).

lpumeyanne: *p < 0,01 — pasnnyns CTaTUCTUHECKN 3HAYUMBbI
110 CPABHEHUIO C KOHTPOJIbHOM IPYMMoA.

m http://www.gynecology.su
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Main group Control
OcHoBHas rpynna group
| trimester Il trimester Il trimester ~ KoHTposbHas
| TpumecTp [l Tpumectp Il pumecTp rpynna

Figure 3. ADAMTS-13 antigen (ADAMTS-13:Aqg) level in women
with physiological pregnancy at I, Il and Ill trimesters (main group
and healthy non-pregnant women (control group).

Note: *p < 0.01 - significant differences compared to control group.

PucyHok 3. YposeHb aHTureHa ADAMTS-13 (ADAMTS-13:Ag)
Y XEHLLMH C oM3MONOrMYecKi NpoTeKatoLLen 6epemMeHHOCTbI0
B I, Il w Il TpMmMecTpax (0CHOBHas rpynna) 1y 300p0BbIX
He6epeMeHHbIX XXEHLUMH (KOHTPOSbHASA rpynna).

lpumeyanne: *p < 0,01 — pasnnans CTaTUCTUHECKN 3HAYUMBI 110
CPABHEHWNIO C KOHTPOJIbHOM TPYIoN.

*

ADAMTS-13:i, U/ml / ADAMTS-13:i, E[1/mn

—_

with  PE compared with physiological pregnancy at
trimester Ill [12, 13]. However, some researchers reject
such data and demonstrate no differences between these
groups of patients [14]. Regarding ADAMTS-13, itis much
more complicated; no global consensus about altered
ADAMTS-13 activity during pregnancy was reached.
Some studies demonstrate that its decline begins from
trimester Il of physiological pregnancy [15, 16]; others
state that it remains unaltered compared with that in
physiological pregnancy and non-pregnant women [17].
Our study clearly demonstrates that along with increasing
gestation age, ADAMTS-13 activity decreases, whereas
VWEF level steadily elevates. Most likely, it is due to the
massive VWF release resulting in its consumption.

Assessing ADAMTS-13:Ac/VWF:Ag axis revealed
significant differences (p < 0.01) between main group at
trimesters Il and Ill vs. control group (Fig. 6).

A decline in the ADAMTS-13:Ac/VWF:Ag ratio in
COVID-19 demonstrated by numerous studies evidence
about development of progressive endotheliopathy and
several times precipitates a risk of thrombosis including
thrombotic microangiopathy [18-20].

Main|group i Control

0 OcHosHas rpynna group
| trimester Il trimester Il trimester ~ KoHTponbHas

| TpumecTp Il Tpumectp Il TpumecTp rpynna
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OcHoBHas rpynna group
| trimester Il trimester Il trimester ~ KoHTponbHas
| TpumecTp [l tpumectp Il TpumecTp rpynna

Figure 4. ADAMTS-13 inhibitor (ADAMTS-13:i) level in women with
physiological pregnancy at |, Il and IIl trimesters (main group) and
in healthy non-pregnant women (control group).

Note: *p < 0.05 - significant differences compared to control group.

PucyHok 4. YposeHb nHrnéutopa ADAMTS-13 (ADAMTS-13:i)
Y XKEHLLH C (DU3NO0NOrMYecKn NpoTeKatoLLein 6epeMeHHOCTbIO
B I, Il m Il TpumecTpax (ocHOBHAA rpynna) u 'y 340P0BbIX
HeGepPEMEHHbIX XEHLLUWH (KOHTPOSIbHAA rpynna).

Tpumeyanne: *p < 0,05 — pasnuyns cTaTUCTUYECKMN 3HA4UMBbI 110
CPAaBHEHWNID C KOHTPOJIbHOM TPYon.

Figure 5. von Willebrand factor antigen (vWF:Ag) level in women
with physiological pregnancy at I, Il and Il trimesters (main group)
and in healthy non-pregnant women (control group).

Note: *p < 0.07 - significant differences compared to control group.

PucyHok 5. YposeHb aHTUreHa haktopa hoH Bunnebpana
(VWF:AQ) Y EHLLMH C (hM3NON0orn4ecKi npoTeKatoLLen
6epemeHHOCTbI0 B I, [l v Il TpumecTpax (ocHOBHAs rpynna)

'y 300POBbIX HEOEPEMEHHbIX XKEHLLUNH (KOHTPOsIbHAA rpynna).
lpnmeqanne:*p < 0,01 — pasnnyns cTaTncTu4ecKu 3Ha4umpl 1o
CPABHEHWK) C KOHTPOJIbHOM TPYMMOM.
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Clinical significance of ADAMTS-13/vWF axis in pregnant women

at different trimesters of gestation

2,5

ADAMTS-13:Ac/vWF:Ag

==

T +

Main group Control
OcHosHas rpynna group

| trimester Il trimester Il trimester ~ KoHTponbHas
| TpumecTp Il Tpumectp Il TpumecTp rpynna

Figure 6. ADAMTS-13:Ac/VWF:Ag ratio in women with
physiological pregnancy at |, Il and IIl trimesters (main group) and
in healthy non-pregnant women (control group).

Note: *p < 0.07 - significant differences compared to control group.

PucyHok 6. OTHOwweHne ADAMTS-13:Ac/VWF:Ag y XEeHLLWH

¢ (oM3K0NOrnYecKy npoTekaroLLen 6epemMeHHocTbH B I, 11

u Il TpumecTpax (0CHOBHAs rpynmna) n'y 3L0POBbIX HEGEPEMEHHbIX
XKEHLLUMH (KOHTPONbHas rpynna).

Tpumeyanne:*p < 0,01 — paznnyus cTaTUCTNYECKN 3HAYUMbI 110
CPABHEHWI C KOHTPOJIbHOM TPYMOMN.

Conclusion / 3akIroueHue

Our study provides a novel insight into ADAMTS-
13:Ac/VWF:Ag axis in women with normal pregnancies at
trimesters |, II, lIl. The COVID-19 pandemic uncovered that
decline in the ADAMTS-13:Ac/VWF:Ag axis was one of
the most important severity predictors that also resulted
in elevated risk of thrombotic complications, being the
main marker of endotheliopathy. Moreover, it was also
elucidated that higher gestation age is paralleled with
lowered ADAMTS-13:Ac level along with rise in VWF:Ag
that might evidence about developing endotheliopathy.
However, due to the small single-center sample, further
studies with a larger patient cohorts are required.
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