AKYWEPCTBO

DOI: https://doi.org/10.30841/2708-8731.6.2021.244384
V[K 618.3-06:616.8-009.24]-02:616.151.5

Some features of the hemostasis system in
pregnant women at risk of developing preeclampsia

V.. Chermak
Kiev Medical University

The objective: a study of the hemostasis system in pregnant women with a risk of preeclampsia development.

Materials and methods. 100 pregnant women with the risk for preeclampsia (main group) were examined. The risk factors
were determined according to the Guideline “Hypertensive Disorders During Pregnancy”, Order No. 676 of the Ministry
of Health of Ukraine. The control group contained of 50 healthy women with physiological pregnancy. The groups were
representative in age and reproductive history.

The following indicators of hemostasis were studied: the platelet system (the number of platelets, their aggregation
ability and the total platelet aggregation index (TPAI), the coagulation system (autocoagulation test, thrombin time,
prothrombin index, fibrinogen concentration) and the state of the fibrinolysis system which was determined by such
indicators: plasma level of free heparin, activity of antithrombin III, indicators of ethanol and protamine sulfate tests,
concentration of soluble fibrin in blood plasma.

Results. In pregnant women with a risk of preeclampsia, there are changes in platelet hemostasis indicators: a significant
decrease in the number of platelets and a significant (p<0.05) increase in platelet aggregation ability, there is a tendency
to an increase in TPAI indicators. In the main group a significant increase in the fibrinogen concentration, plasma lysis
indicators and a tendency to an increase of the free heparin concentration, a decrease of antithrombin III and, in compari-
son with the indicators in healthy women, a 3-fold increase in the content of soluble fibrin (p<0.05) were found.
Conclusions. In pregnant women with a risk of preeclampsia development, there are disorders in the vascular-platelet
hemostasis, coagulation and fibrinolytic blood systems, namely, a significant tension in the platelet link of the system, an
increase in thrombogenic potential, and a sharp inhibition of the fibrinolytic link of hemostasis.

Keywords: pregnancy, preeclampsia, risk groups, hemostasis.

Aeski 0co6MBOCTi cUCTEMM reMoCcTa3y y BariTHUX rpynu pu3uky po3BUTKY NpeeknamMmncit
B.l. Yepmak

Mema docaidscenns: BUBUECHHS CTAHy CHCTEMU FeMOCTa3y Y BariTHUX TPYIN PUSHKY PO3BUTKY TIPEEKIAMIICI.

Mamepianu ma memoou. O6¢rexero 100 BariTHUX i3 TPYIIM PU3UKY BUHUKHEHHS Ipeekyamiicii (ocHOBHa rpyma). BusHa-
yeHHs (haKTOpiB pu3nKy mpoBousn 3riaHo 3 [Iporokosom «lineprensnBai posmraau iz yac BaritHocti», Hakaz Ne 676 MOJ3
Vxpaiuu. Konrposem cayrysanu gani obcrexents: 50 30poBUX KiHOK i3 (pisiosoriunum nepebirom BariTHOCTI cucreMu
(KOHTPOJIbHA TPyNA). 3a MOKA3HUKAMMU BIiKY i PEIIPOYKTUBHOIO aHAMHEe3Y TPy OyJil pelpe3eHTaTHBHi.

BuBueHo MOKa3HUKK TeMOCTa3y: TPOMOOIMTapHOi cructeMu (KiJbKicTh TPOMOOIMTIB, TXHs arperariiiia CIPOMOKHICTD Ta
cymapHuii ingekc arperanii Tpombonutis — CIAT), cucremu 3roprats (ayTOKOAryJIsIiiHUN TecT, TPOMOIHOBHIA yac, npo-
TpoMOiHOBUII iHIIEKC, KOHIIeHTpallis hibpuHOoreny) i crany cucremu iGPUHOIIY, IKHil BUSHAYAIM 32 TAKUMU TTIOKa3HUKAMU:
[UIA3MOBHH JIi3KC, PiBEHb BIILHOTO TeMapuHy, akTUBHICTh aHTUTPoMOiHy 11, HOKa3HUKK €TaHOIOBOTO i TPOTAMiHCYTH(hATHOrO
TECTiB, KOHIIEHTPAIlisi PO3YNHHOTrO (hibGPUHY Y 1J1a3Mi KPOBI.

Pesyavmamu. Y BariTHYX i3 IPYIU PUBKKY PO3BUTKY IIPEEKIAMIICIT CIIOCTEPIraloThCsA 3MiHHU TOKA3HUKIB TPOMOOIIMTAPHOTO TEMOC-
Tasy: I0CTOBIpHE 3MEHIIEHHsT KiJTbKOCTi TpoMOOIMTIB i 3HauHe (p<0,05) ITiABUIIEHHS arperariifioi CripoOMOKHOCTi TPOMOOITHTIB,
Bi/I3HAYEHO TeH/IeHit0 110 30uibineHHs okasHukis CIAT. B ocHOBHiil TpyI1ii BAriTHUX BCTAHOBJIEHO JIOCTOBIPHE ITi/IBUIIIEHHSI KOH-
Henrparii pibprHOTeHy, TTOKa3HHUKIB IJIA3MOBOTO JIH3UCY i TEHAEHIIIIO /10 3pOCTaHHsI KOHIIEHTPAIliil BIJIbHOTO renapuHy, 3MEHIEHHST
arTuTpoMOiny 111 Ta, IIOPIBHSIHO 3 IOKA3HMKAMU Y 3/0POBUX JKIHOK, HiZIBUIIEHHS y 3 pasu BMicTy posunHHoro ¢ibpumy (p<0,05).
3axatouenns. Y BaTiTHUX i3 TPYNU PUSUKY PO3BUTKY IIPEEKIAMIICIT AiarHOCTYIOTh MOPYLIEHHS Y CYAUHHO-TPOMOOIIUTAPHOMY
remMocTasi, 3ropTajabHiil i GibpuHOMITHYHIN cucTeMax KPOBi, a camMe — 3HaYHe HAIPY/KeHHsT TPOMOOIUTAPHOT JJAaHKK CUCTEMH,
MiBUIIEHHST TPOMOOTEHHOTO MOTEHIHAIY, piske MPUTHiYeHHs (hiOPUHOTI THYHOT JAHKH TEMOCTA3Y.

Knrouoei cnosa: sazimmicmy, npeexnamncis, epynu pU3UKY, 2emMocmas.

HekoTopbie 0COOEHHOCTU CUCTEMbI FreMocTa3a y 0epeMeHHbIX rpynnbl pUcKa pa3BuUTuUS
npeaknamrncuu
B.U. Yepmak

ITenv uccnedosanus: nydenvie COCTOSTHISI CHCTEMbI TeMOCTa3a y OePeMEHHBIX IPYIIIbI PHCKA PA3BUTHS PEIKIAMIICHN.

Mamepuanvt u memoovt. O6cenosano 100 GepeMeHHbIX 13 TPYIIIbI PUCKA BOHUKHOBEHUSI IPEIKIAMIICHU (OCHOBHASI IPYII-
ma). Onpenernenne GhakTopoB prcKa IpoBoanIn corsiacHo [Iporokomy «[nepreH3nBHbIe paccTPoiicTBa BO BpeMsi GepeMeHHO-
cruy, [pukas Ne 676 Munsnapasa Y kpautbl. KoHTposieM ciryskuin ganHbie obcsenoBanist 50 3/10pOBbIX KEHIIUH ¢ HU3HO0JI0-
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IMYECKUM TedenneM GepeMeHHoCTH (KOHTpoIbHas rpymna). [To mokasaTeisiM Bo3pacTa u PErpoayKTUBHOTO aHAMHE3a TPYTIIbI
ObLIN PENPE3eHTATUBHBI.

V3y4eHbl IIOKa3aTeJn reMoCTasa: TPOMOOIUTAPHON cucTeMbl (KOJIMYECTBO TPOMOOIUTOB, UX arperaiuoHHas crocoo-
HOCTb 1 CyMMapHbiii uHpekc arperaiuu tpom6outos — CUAT), cucrembl cBepThiBaHUs (2yTOKOATYJISIIUOHHBII TECT,
TPOMOUHOBOE BpeMsI, TPOTPOMOMHOBBIN MHAEKC, KOHI[EHTpalusa GUOPUHOTEHA) M COCTOSIHUS CHCTeMbl (ubpUHOIN3a,
KOTOPOE OIpeeisijii [0 TAKKM [I0Ka3aTeIsAM: [IJIa3MeHHbII JIU3UC, yPOBEHb CBOOOIHOIO TellapuHa, aKTUBHOCTh aHTHU-
tpoMbuna III, mokasaTeu aTaHOJIOBOrO U MPOTAMUHCYIb(PATHOTO TECTOB, KOHIIEHTPALUd PaCTBOPUMOro ¢pubpuna B
riasme KpPOBU.

Peszyavmamot. Y GepeMeHHbBIX U3 IPYIIIIBI PUCKA PA3BUTUS MPEIKJIAMIICUU MMEIOT MECTO U3MEHEHUs oKaszaTeaei
TPOMOOIMTAPHOIO TEMOCTa3a: JOCTOBEPHOE YMEHbIIEHUE KOJMUECTBA TPOMOOIUTOB U 3HayuTeabnoe (p<0,05) mno-
BbIIIEHUE arperaluoHHON clocoOHOCTH TPOMGOILMTOB, OTMeUYeHa TeHJeHIus K yBeandennio nokasareaeii CUAT. B
OCHOBHOII Tpy1iie 6epeMeHHBIX YCTaHOBJIEHO JOCTOBEPHOE MOBbIIIEeHNEe KOHIeHTpauu GpubpuHoreHa, nokasareeii
MJIa3MEHHOTO JIN31MCa ¥ TeHAEHINIO K YBEJUYEHUIO KOHI[EHTPAIUil CBOOOIHOTO TenapuHa, YMEHbIIEHUI0 aHTUTPOM-
6una I u, 10 cpaBHEHMIO ¢ [TOKA3aTeNsAMU Y 3J0POBBIX KEHIIKUH, OBbILIIEHNE B 3 pasa cojepKaHKusd pacTBOPUMOTO
dbubpuna (p<0,05).

3axmouenue. Y 6GepeMeHHBIX U3 IPYIIILI PUCKA PA3BUTHUS TIPEIKIAMIICUN UMEIOT MECTO HApYIIEHUS B COCYAUCTO-TPOMOO-
HUTapHOM I'eMOCTase, CBepThiBaionieil u (GUOPUHONINTUYECKON CHUCTeMaX KPOBHU, a UMEHHO — 3HAYUTEJIbHOE HAlPsiKeHUe
TPOMOOIMTAPHOTO 3BEHA CUCTEMBI, TIOBbIIIEHNE TPOMOOTEHHOTO TIOTEHIMANA, Pe3KOoe yTHeTeHne (PUOPUHOIUTHYECKOTO 3BeHa

remocrasa.

Kmoueewte cnosa: 6€p€M€HH06mb, NPEeIKIAMNCUSL, 2PpYNNovl PUCKA, 2eMOCMA3.

Preeclampsia is the most serious complication of preg-
nancy. It is known that preeclampsia is a genetically
determined disease, which most often develops on the
background of concomitant maternal extragenital pa-
thology. The most important background for the pre-
eclampsia occurrence is arterial hypertension and its first
stage of development — somatotrophic dysfunction of the
autonomic nervous system (SDA), or hypertensive type
of vascular dystonia [1, 2, 3]. Gestosis on the background
of hypertensive type of SDA occurs in 51-88% of cases
and is characterized by an earlier manifestation of all
symptoms [4, 5, 6]. (V. Radzinsky et al., 2004).

The leading place in the etiopathogenesis of PE is
given to the violation of adaptive reactions of the preg-
nant woman in response to the influence of endogenous
and exogenous destabilizing factors (extragenital pa-
thology, urogenital infection, chronic psychoemotional
stress) [7, 8,9, 10].

It is proved that pregnancy is accompanied by a com-
plex of neuroendocrine changes that contribute to the
formation of changes in blood flow in the microcircula-
tory tract, as well as changes in the hemostasis system.
Physiological pregnancy is accompanied by a state of
hypercoagulation due to an increase of 200% or more in
coagulation factors against the background of reduced
fibrinolytic and natural anticoagulant activity.

From the second trimester of pregnancy, the activity
of procoagulants and platelets increases, the anticoagulant
potential of the blood decreases. With the progression of
pregnancy there is a significant increase in the concentra-
tion of fibrinogen in the blood (over 70%), a decrease in
APTT, which indicates an increase in the content of fac-
tors of the internal procoagulant chain of the hemostasis
system: II, V, IX, X, XI, XII. An increase in PTI in late
pregnancy indicates an increase in the activity of coagula-
tion factors II, V, VII, X. An increase of the fibrin degra-
dation products in the serum also indicates an intensifica-
tion of intravascular coagulation processes [11, 12, 13].

According to the study results of the platelet part of
the hemostasis system, it is proved that the aggregation
activity of platelets practically does not change during
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pregnancy, the adhesion of platelets slightly increases
[14, 15].

With increasing gestational age in healthy pregnant
women, the hemostasis system changes in the direction of
increasing blood clotting potential, namely - the rate of
blood clotting increases and the structural properties of
blood clotting strengthens, the content of PTI in serum
increases in late pregnancy with a parallel increase in con-
centration I, IT, VIII, IX, X, XII coagulation factors. The
activity of factors XI (precursor of plasma thromboplas-
tin) and XIIT (fibrin stabilization) is reduced.

The high hemocoagulation potential of blood during
pregnancy is associated with a decrease in its fibrinolytic
activity. Changes in fibrinolytic activity of blood during
pregnancy are caused by the influence of placental hor-
mones (progesterone, placental lactogen) on the synthesis
of fibrinolysis activators in the vascular endothelium. The
number of platelets during pregnancy varies and depends
on the degree of hemodilution and utilization of platelets
in the placenta, as well as on the individual characteristics
of the body. The level of fibrinogen (factor I) increases
from 2.6 to 4-5 g/, starting from the third month of preg-
nancy, and reaches maximum values on the eve of child-
birth, which leads to an increase levels of degradation
products and factors VII-X in blood [16, 17].

In the third trimester of pregnancy, and especially on
the eve of the childbirth, a state of unstable equilibrium
is formed between the blood clotting and fibrinolysis
systems. The level of coagulation factors during preg-
nancy increases: factor I (fibrinogen) — almost 2 times,
factors VII (proconvertin), VIII (antihemophilic fac-
tor), X (Stewart-Prauer factor) — by 50-100%, factor IT
(prothrombin) — by 20-40%. At the same time, fibrino-
lytic activity decreases due to changes in the circulating
fibrinolysis proactivators activity, as well as with an in-
crease in the level of fibrinolysis inhibitors. In addition,
platelet aggregation abilities changes, which is a leading
factor in the genesis of microcirculation disorders dur-
ing pregnancy and childbirth [1, 8, 16].

In addition, in the II-nd and especially in the ITI-
rd trimesters of pregnancy, the blood flow velocity in

REPRODUCTIVE HEALTH OF WOMAN
PEINPOJIYKTUBHE 3/IOPOB’S1 JKTHKI
Ne6 (51),/2021

ISSN 2708-8723 (print)
ISSN 2708-8731 (online)



AKYWEPCTBO

the lower extremities veins is halved due to mechani-
cal obstruction of the venous outflow tract, as well as a
decrease in venous wall tone associated with hormonal
changes during pregnancy.

At the end of the third trimester, the prothrombin
index increases - the activation of the external blood
clotting pathway. Fibrinolytic activity of plasma pro-
gressively decreases. The concentration of prothrombin
(factor IT) in early pregnancy does not change. The val-
ue of the prothrombin index in % and INR (internation-
al normalized ratio) in pregnant women is 85-115% and
0.8-1.2. The normal value of APTT in pregnant women
is 28—38 seconds. Indicators of factors V and XII, as well
as bleeding time do not change during a normal pregnan-
cy. The platelet count may decrease slightly. The normal
value of platelets in pregnant women is 140—-400x10°/1.

Thus, physiological hypercoagulation and blood sta-
sis during pregnancy are ideal conditions for the devel-
opment of thrombosis on the background of acquired or
combined (acquired and genetic) thrombophilia.

During childbirth, all the mechanisms that help to
prevent bleeding and increase the oxygen capacity of
the blood are mobilized: the hematocrit increases, eryth-
rocyte aggregation increases, and the blood’s coagula-
tion potential increases. The hemostatic potential of the
blood and the adhesive activity of platelets increases,
which helps to reduce blood loss during childbirth and
in the postpartum period.

After childbirth, the body returns to a state of physi-
ological hemodilution, the degree of which gradually de-
creases and which is aimed at maintaining blood flow in
conditions of hypercoagulation and increased strength
of erythrocyte aggregates.

Thus, the results of clinical-laboratory and clinical
studies show that adaptive changes in the hemostasis
system during certain periods of pregnancy should be
considered in practical obstetrics, as they play an im-
portant role in the genesis of thrombohemorrhagic and
thromboembolic complications in parturients and wom-
en in labor [18].

During late gestosis in pregnant women there is a
constant activation of vascular-platelet and procoagulant
chains of the hemostasis system, which leads to the de-
velopment of DIC syndrome with a chronic course and a
significant increase in the risk of venous thrombosis [19].

According to the results of research by P. Chueva et
al. (2002), a decompensated (thrombo-dangerous) type
of hemostasis in late gestosis is found in 80.0% of pa-
tients, subcompensated — in 20.0% of subjects.

Thus, the level of fibrinogen degradation products
in the blood increases on the background of changes in

the quantitative and functional parameters of platelets,
which forms a state of unstable equilibrium in the he-
mostasis system. In this situation, it is enough to join
any adverse factor that provokes the hemostasis system
(blood loss, surgical trauma, etc.) in order to bring this
system out of balance.

The objective: to study the state of the hemostasis
system in pregnant women at risk of developing pre-
eclampsia.

MATERIALS AND METHODS

We examined 100 pregnant women from the risk group
of this pregnancy complication (Main group). Determina-
tion of risk factors was performed according to the Proto-
col «Hypertensive disorders during pregnancys, Order Ne
676 of the Ministry of Health of Ukraine [3]. The survey
data from 50 healthy women with physiological pregnan-
cy (Control group) served as a control. The groups were
representative in terms of age and reproductive history.

In the above patients, the indicators of all three links
of hemostasis were studied: platelet (platelet count, their
aggregation capacity and total platelet aggregation in-
dex (TPAI), coagulation system (autocoagulation test,
thrombin time, prothrombin index, and fibrinogen con-
centration) and the state of fibrinolysis system, which was
managed by the following indicators: plasma lysis, the lev-
el of free heparin, the activity of antithrombin III, ethanol
and protamine sulfate tests, the concentration of soluble
fibrin in blood plasma [18].

RESULTS AND DISCUSSION

Indicators of platelet hemostasis of the examined
women are shown in table 1.

The results of the study of platelet hemostasis in-
dicate a significant (p<0.05) decrease in platelet count
(188.9+11.3x10° in the Control and 169.7+9.9x10° in the
Main group) and a significant (p<0.05) increase of plate-
let aggregation capacity (respectively 30.9+4.1x10° and
41.8£4.5x10% respectively, in the Control and Main groups).
TPAT indicators tended to increase. Analysis of the obtained
indicators of vascular-platelet hemostasis indicates a signifi-
cant tension of the platelet link of the hemostasis system in
pregnant women at risk of developing preeclampsia.

Indicator’s data of the coagulation system in examined
patients are shown in table 2.

Analysis of blood coagulation indicators indicates
the absence of significant changes (p>0.05) in the indi-
cators of the autocoagulation test mA (89.5£2.5% and
93.2+1.9%, respectively, in the Control and Main groups)
and ITA 1.6£0.1% and 1.7£0.2%, respectively, in the Con-
trol and Main groups) between groups.

Table 1

Indicators of platelet hemostasis in pregnant women at risk of preeclampsia, M+m

The indicator under study

Control group (n=50)

Main group (n=100)

Platelet count (1x10%) 188,9+11,3 169,7+9,9
Platelet aggregation (%) 30,9%4,1 41,8+4,5*
TPAI (%) 39,8+4,2 41,1£2,9

Note: * — p<0.05 between the indicators of the control and main group.
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Table 2
Indicators of the blood coagulation system in the examined pregnant women, Mzm

Main group, n=100

Control group, n=50

The indicator under study

Autocoagulation test:
-mA, % 89,5+2,5 93,2+1,9
- ITA (Index of thrombin inactivation) 1,6+0,1 1,7+£0,2
Thrombin time, sec 10,3+0,4 11,2+0,5
Prothrombin index, % 99,1+3,5 97,1+2,2
Fibrinogen, g/I 4,0+0,2 4,8+0,2*

Note: * — p<0.05 between the indicators of the control and main group.

Table 3
Indicators of fibrinolysis in the examined patients, Mxm

Main group, n=100

The indicator under study Control group, n=50

Plasma lysis (mg/min-I) 148,6+4,8 227,3+12,6*
Free heparin (sec.) 0,9+0,3 1,4+x0,4
Antithrombin-IIl (%) 65,6%1,1 56,4+3,2*

Protamine sulfate test (mg%) 4,6+0,7 3,9+0,4
Soluble fibrin (+) 0,8+0,2 2,9+0,4*

Note: * — p<0.05 between the indicators of the control and main group.

Table 4
Ethanol test values in the examined patients (%)

The result of study Control group, n=50 Main group, n=100
Negative 82 -
Weakly positive 10 42
Positive 8 58

Note: * — p<0.05 between the indicators of the control and main group.

Thrombin time and prothrombin index do not differ
(p>0,05) and there is a significant difference (p<0,05) in
fibrinogen concentrations (from 4.0+0.2 g/l in Control to
4.8+0,4 g/l in the Main group).

Based on the obtained data, it can be assumed that
the coagulation system in pregnant women at risk of pre-
eclampsia is in a fairly compensated state, but a significant
increase in fibrinogen concentration in pregnant women
at risk of preeclampsia indicates an increase in thrombo-
genic potential of hemostasis in these patients.

Indicators of the fibrinolysis system in pregnant wom-
en at risk of preeclampsia are shown in table 3.

Analysis of the results of the pregnant women from
the risk group of preeclampsia examination, indicates
a significant (p<0,05) increase in plasma lysis (respec-
tively 148.6+4.8 and 227.3+12.6) and a tendency to in-
crease concentrations of free heparin, decrease of AT-III
(65.6+1.1% and 56.4%3.2), and, compared with healthy
women, a 3-fold increase in soluble fibrin from 0.8+0.2 to
2.9+0.4 (p<0.05). Thus, it can be argued that the fibrino-
lytic component of hemostasis is sharply suppressed in
pregnant women at risk of developing preeclampsia.

In addition, a positive reaction in the ethanol test was
observed in 100% of pregnant women at risk of developing
preeclampsia (table 4).

Thus, in pregnant women at risk of developing pre-
eclampsia there is an increase in the thrombogenic po-
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tential of the hemostasis system by reducing the number
of platelets and increasing their aggregation capacity,
a significant increase in fibrinogen concentrations. The
maximum coagulation stress of the hemostasis system in
pregnant women at risk of preeclampsia is compensated
by activation of the fibrinolysis system (increase in plasma
lysis, increase in free heparin concentrations, 3-fold in-
crease in soluble fibrin, decrease in AT-I1T and 100% posi-
tive ethanol test).

It should be noted that the unstable balance of the he-
mostasis system, which is observed in pregnant women at
risk of preeclampsia, should be regarded as the first phase
of thrombo-hemorrhagic syndrome (DIC).

Our results of the hemostasis system state in pregnant
women at risk of developing preeclampsia indicate the fea-
sibility of using drugs that have a positive effect on the
state of the hemostasis system.

CONCLUSIONS

In pregnant women at risk of developing preeclampsia
there are violations of the hemostasis system, with nega-
tive changes in all its parts: vascular-platelet hemostasis,
coagulation and fibrinolytic systems.

The revealed violations can be considered as a patho-
genetic substantiation of expediency to include the prepa-
rations with corrective influence on the system of a hemo-
stasis in a complex of medical actions.
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