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Thrombotic events are among the most dangerous complications of pregnancy. Therefore, selection
of appropriate tests and standardization of techniques used for accurate diagnostics of blood coagulation
system state is of great importance. In this present study, we monitored several molecular markers of the
dangers of intravascular thrombus formation and estimated the platelet function in pregnant women during
gestation. We performed independent measurements using the same methodology for different cohorts of
patients recruited in Kyiv (Ukraine) and in Szeged (Hungary). D-dimer and soluble fibrin were measured
using ELISA. Protein C (PC) level was estimated using chromogenic substrate assay. Fibrinogen concentra-
tion was measured by spectrophotometry using thrombin-like enzyme. Platelet function was estimated by
aggregometry. Statistical data analysis was performed using the Kruskal-Wallis test. Statistically significant
increases of fibrinogen concentration from first to third gestational trimester was shown for both studied
cohorts of patients (5-6 mg/ml at third trimester on average). Applied methods allowed us to detect the same
tendencies of decreases in PC level as well as the appearance of moderate amounts of D-dimer (up to 300 ng/
ml) and SF (up to 10-15 ug/ml). Platelet function was increased on the first trimester of pregnancy and de-
creased during following trimesters slightly. Results indicated the changes in the blood coagulation system of
pregnant women during gestation with the same effectiveness independently of the selected cohorts, time and
place of measurements. The application of the proposed diagnostics algorithm may allow estimating the risk
of thrombotic complications during pregnancy.
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T hrombosis is among the most dangerous
complications in pregnancy that can affect
both mother and fetus’ health. It is a major
cause of maternal death in the developed world [1].
Early detection and effective prevention of deep vein
thrombosis (DVT) and pulmonary embolism are im-
portant issues during gestation [2, 3]. Prognosis of
the risk of intravascular thrombus formation during
pregnancy is based mainly on clinical data, retro-

lation system parameters are often omitted in current
algorithms [4].

Taking into account the necessity of blood
coagulation parameters analysis, some diagnostic
strategies include the measurement of D-dimer [5].
Authors are focusing on measuring D-dimer values
for diagnosing the danger of intravascular blood clot-
ting in the nonpregnant population. However, preg-
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nancy leads to the physiological gradual increase in
circulating D-dimer so this parameter may be help-
ful in the diagnosis of DVT only in early pregnancy
[6]. This allowed some researchers to suggest that
D-dimer has no practical diagnostic use in ruling out
such pathologies as venous thromboembolism in the
third trimester. D-dimer concentration is simply in-
creasing during gestation as is the concentration of
fibrinogen [7].

Most diagnostic algorithms do not include fi-
brinogen or D-dimer. It is much safer to prescribe
heparins to the pregnant women during the third tri-
mester without additional analysis [8]. It was even
reported that thrombophilia evaluations should not
be performed in pregnant women as far as women
normally become prothrombotic in pregnancy, with
increases in many procoagulant factors and a de-
crease in anticoagulant factors [9]. That is why an-
ticoagulants are being prescribed independently of
blood coagulation parameters during the late periods
of gestation[10].

In the present study, we applied recent findings
for diagnosing the danger of intravascular blood
clotting to develop the algorithm for detecting a
prethrombotic condition during pregnancy. We se-
lected simultaneous D-dimer and soluble fibrin (SF)
measurements, added estimation of anticoagulant
protein C (PC) level as well as fibrinogen concen-
tration and platelet function estimations using ag-
gregometry [11-14].

We proposed easy-to-use, well-defined and
informative methods as part of the diagnostic al-
gorithm. To prove their usefulness, we studied the
changes in measured parameters during gestation.
Also, we approbated the algorithm independently in
two different medical facilities, one in Ukraine (Kyiv
Perinatal Center) and the other in Hungary (Depart-
ment of Obstetrics and Gynecology, University of
Szeged) using the same methodology for different
cohorts of pregnant women.

Our aim was to prove selected methods and to
confirm their applicability for the detection of the
danger of intravascular thrombus formation during
pregnancy.

Materials and Methods

Materials. PC activator and control donor blood
plasma were from Siemens (Munich, Germany).
Monoclonal antibodies to D-dimer or SF, throm-
bin-like enzyme from snake venom were obtained
from Palladin Institute of Biochemistry of NAS of
Ukraine (Kyiv, Ukraine); PC-specific chromogenic
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substrate S2236 (p-Glu-Pro-Arg-pNa) was purchased
from Sigma-Aldrich (St. Louis, Missouri, USA).

Cohorts. Somatically healthy women 18-42
years old with spontaneous pregnancies that did
not receive specific antithrombotic treatment were
enrolled in the study at the Kyiv Perinatal Center
(n=70; 12.2021-03.2023) and Department of Obstet-
rics and Gynecology, University of Szeged (n = 132;
09.2022-12.2022).

Ethical statement. This study was approved by
the Ethics Commission of the Kyiv Perinatal Center
(protocol Ne 3, 05.05.2020) and the University of
Szeged (32/2014 SZTE).

We examined 70 pregnant patients who
sought consultation at an obstetrician’s specialized
hematology office, were observed in a specialized
women’s consultation or were undergoing inpatient
treatment at the KNP “Perinatal Center of Kyiv.” All
patients were divided into groups according to their
period of pregnancy: Group I — 15 pregnant women
in the first trimester (up to 13 weeks of gestation),
Group II — 22 pregnant women in the second trimes-
ter (13-26 weeks), Group III — 33 pregnant women
in the third trimester of pregnancy (27-41 weeks).

One hundred thirty-two patients were recruit-
ed in the Department of Obstetrics and Gynecol-
ogy, University of Szeged. All patients were divided
into groups according to the period of pregnancy:
Group I — 9 pregnant women in the first trimester
(up to 13 weeks of gestation), Group II — 113 preg-
nant women in the second trimester (13—26 weeks),
Group III — 10 pregnant women in the third trimester
of pregnancy (27—41 weeks).

Inclusion criteria: age of patients 18—40 years,
singleton pregnancy that occurred naturally, with-
out severe pregnancy complications and severe ex-
tragenital pathology. Exclusion criteria: age less than
18 or more than 40 years, multiple pregnancy, preg-
nancy resulting from I'VF, taking antiplatelet drugs
during pregnancy, severe extragenital pathology,
chromosomal pathology and fetal malformations.

All women provided oral and written informed
consent for their inclusion in the study. Blood for
testing was taken using vacuum systems in tubes
with 3.8% sodium citrate.

Fibrinogen. Fibrinogen concentration in the
blood plasma was determined by the modified spec-
trophotometric method. Blood plasma (0.2 ml) and
phosphate-buffered saline (1.7 ml) were mixed in a
glass tube. Coagulation was initiated by the addi-
tion of 0.1 ml thrombin-like enzyme from AgKkis-
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trodon halys halys snake venom (1 NIH/ml) to pre-
vent fibrin cross-linking. Mixture was incubated for
30 min at 37 °C. The fibrin clot was removed and re-
solved in 5 ml of 1.5% acetic acid. The concentration
of protein was measured using Spectrophotometer
OPTIZEN POP (Daejeon, South Korea) at 280 nm
(e=15) [15].

Soluble fibrin. SF was detected using sand-
wich ELISA with monoclonal antibodies produced
at the Palladin Institute of Biochemistry of NAS of
Ukraine. Fibrin-specific monoclonal antibody [-3C
was used as capture antibody. Biotinilated monoclo-
nal antibody I1-4d that has epitope at the NH_-ter-
minal fragment of y-chain of D-region of fibrinogen
molecule was used as a tag antibody. Optical density
was measured at 492 nm using Multiplate Reader
RT-2100C (Rayto, China) [16].

D-dimer. D-dimer was detected using sandwich
ELISA as described above for SF with modification.
Biotinilated DD-specific monoclonal antibody III-
3B that has epitope at the NH,-terminal fragment of
BpB-chain of D-region of fibrin(ogen) was produced
at the Palladin Institute of Biochemistry of NAS of
Ukraine used as the capture antibody [17].

Protein C. Total PC level in blood plasma was
determined using PC activator and specific chromo-
genic substrate S2236 (p-Glu-Pro-Arg-pNa) [18].
In a well of 96-well plate, 0.02 ml of studied blood
plasma sample, 0.03 ml of S2236 solution (0.25 mM)
and 0.03 ml of PC activator solution were admixed
in the tris-buffered saline with 0.001 M CaCl, at fi-
nal volume of 0.25 ml. The generation of colorful
p-nitroaniline (pNa) was monitored at 405 nm using
Thermo Multiskan (Thermo Fisher Scientific, USA).
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Results were presented as percentages from control
values.

Platelet aggregation. Platelet aggregation was
measured based on changes in the turbidity of hu-
man platelet-rich plasma (PRP). In a typical experi-
ment, 250 pl of PRP was incubated with 25 pl of
0.025 M CaCl, and 25 pl of 12.5 uM adenosine di-
phosphate (ADP) at 37 °C. Aggregation was moni-
tored for 10 min using the SOLAR analyzer of plate-
lets aggregation AP2110 model (Minsk, Belarus)
[29].

Statistics. Statistical data analysis was per-
formed using the Kruskal-Wallis test (https:/www.
socscistatistics.com/tests/kruskal/default.aspx). All
assays were replicated three times. Results are pre-
sented as boxplot diagrams with median, maximal
and minimum values and interquartile range. Data
were considered significant when P < 0.05.

Results

It is known fact that increasing fibrinogen
concentration is observed during pregnancy. Our
method of direct estimation of fibrinogen concentra-
tion was effective and showed reliable results in both
studied cohorts (Fig. 1). Fibrinogen concentration
elevation up to 5 mg/ml during the third trimester of
pregnancy was statistically significant.

The excessive elevation of D-dimer concentra-
tion was detected for both cohorts (Fig. 2). Such in-
crease was not dramatic and did not exceed 500 ng/
ml but indicated the digestion of stabilized fibrin de-
posits by the fibrinolytic system. As it is shown on
Fig. 3, concentration of SF, which indicates intravas-
cular generation of active thrombin, was gradually
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Fig. 1. Changes in fibrinogen concentration in pregnant women during gestation. Data collected at the Kyiv
Perinatal Center, Ukraine (A) or in Department of Obstetrics and Gynecology, University of Szeged, Hungary
(B). Results analyzed by Kruskal-Wallis test. Results assumed as significant when P < 0.05. The normal range
of fibrinogen concentration in blood plasma of healthy donors is 3.0 = 0.5 mg/ml
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Fig. 2. Changes in D-dimer concentration in pregnant women during gestation. Data collected at the Kyiv
Perinatal Center, Ukraine (A) or in Department of Obstetrics and Gynecology, University of Szeged, Hungary
(B). Results analyzed by Kruskal-Wallis test. Results assumed as significant when P < 0.05. The normal range
of D-dimer concentration in blood plasma of healthy donors does not exceed 100 ng/mi
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Fig. 3. Changes in soluble fibrin concentration in pregnant women during gestation. Data collected at the Kyiv
Perinatal Center, Ukraine (A) or in Department of Obstetrics and Gynecology, University of Szeged, Hungary
(B). Results analyzed by Kruskal-Wallis test. Results assumed as significant when P < 0.05. The normal range
of soluble fibrin concentration in blood plasma of healthy donors does not exceed 3 ug/ml

increased during gestation in the first cohort (Kyiv)
and was not changed in the second cohort (Szeged).
However, some patients demonstrated elevated con-
centrations that must be precisely analyzed to pre-
vent intravascular blood coagulation.

Both studied cohorts demonstrated the de-
crease of PC level from the first to the third trimes-
ters (Fig. 4). It was correlated to SF accumulation.
Notably some of the studied patients exhibited a
drop in PC level down to 60%, which is an alarming
sign. However, overall PC level remained within the
normal range.

Analysis of platelet aggregation demonstrated
a much more reliable change during gestation. Plate-
lets were activated by ADP and speed and rate of
platelet aggregation were monitored. It is important
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to emphasize that the same reagents and same prepa-
ration protocols were used for both studied cohorts.

Both rate of platelet aggregation (Fig. 5) and
speed of platelet aggregation (Fig. 6) increased
during the first trimester of pregnancy compared to
the healthy nonpregnant population. However, both
parameters decreased as the pregnancy continued in
both studied cohorts. This tendency was obvious, but
statistical significance was found only in the first co-
hort.

Thus, platelet ability to aggregate was higher
during the first trimester and decreased to the end of
pregnancy; although, it remained higher than usual.
Interestingly, the drop in platelet aggregation (indi-
cating suppressed blood clotting) was accompanied
by acceleration in concentrations of fibrinogen, SF
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Fig. 4. Changes in protein C level in pregnant women during gestation. Data collected at the Kyiv Perinatal
Center, Ukraine (A) or in Department of Obstetrics and Gynecology, University of Szeged, Hungary (B).
Results analyzed by Kruskal-Wallis test. Results assumed as significant when P < 0.05. The normal range of
protein C level in blood plasma of healthy donors is 100 + 15%
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Fig. 5. Changes in platelet aggregation rate in pregnant women during gestation. Data collected at the Kyiv
Perinatal Center, Ukraine (A) or in Department of Obstetrics and Gynecology, University of Szeged, Hungary
(B). Results analyzed by Kruskal-Wallis test. Results assumed as significant when P < 0.05. The normal range
of the rate of platelet aggregation in blood plasma of healthy donors is 30 £ 10%

and D-dimer that are known markers of elevated
blood clotting.

Discussion

Complex analysis of the state of the blood
coagulation system in blood plasma of pregnant
women during gestation was performed indepen-
dently in Kyiv (first cohort) and Szeged (second co-
hort). In performing measurements at different times
and in different countries, we used exactly the same
approaches that allowed us to analyze changes in
studied parameters and to verify the usefulness of
the proposed methods.

The concentration of fibrinogen was analyzed
by modified spectrophotometric method. This ap-
proach allowed us to evacuate fibrinogen from plas-
ma easily and to measure its concentration directly
using spectrophotometer. Elevation of the fibrinogen
level in both studied cohorts during gestation cor-
responded to recent knowledge about increasing fi-
brinogen concentration during pregnancy [20]. This
also proves the adequacy of applied methods and
measurements.

The monoclonal antibodies to D-dimer and
to SF were used for the detection of these pro-
tein markers using sandwich-ELISA technique.
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Fig. 6. Changes in platelet aggregation speed in pregnant women during gestation. Data collected at the Kyiv
Perinatal Center, Ukraine (A) or in Department of Obstetrics and Gynecology, University of Szeged, Hungary
(B). Results analyzed by Kruskal-Wallis test. Results assumed as significant when P < 0.05. The normal range
of the speed of platelet aggregation in blood plasma of healthy donors is 15 + 5%/min

Increasing of D-dimer concentration was shown
previously for late trimesters of pregnancy [21].
However, current articles show an interconnection
between D-dimer and SF. Actually SF, as a marker
of the danger of intravascular blood coagulation, is
not applied routinely in clinical diagnostics; howev-
er, some studies indicate the importance of such si-
multaneous analysis [22, 23]. SF appears at the time
of clot formation and is an intermediate product in
fibrin formation — the level of which does not depend
on extravasal deposits of the fibrin. Unlike D-Dimer,
which is considered a post-thrombotic factor, SF can
be used as a prethrombotic marker.

We detected an increase of SF concentrations in
both studied cohorts during gestation. This indicated
an increased risk of intravascular thrombus forma-
tion that grows with pregnancy progression. Increase
of SF concentration (accompanied by D-dimer con-
centration elevation) was statistically significant in
the first cohort. This indicates the more intensive ac-
tivation of the blood coagulation system. Unlike D-
Dimer, which is considered a post-thrombotic factor,
SF can be used as a prethrombotic marker.

At the same time, moderate generation of D-
dimer can be a sign of effective clearance of fibrin
deposits from the bloodstream in first cohort pa-
tients. From this point of view, the appearance of SF
without accumulation of D-dimer can indicate the
suppression of fibrinolysis and requires the inclusion
of fibrinolytic system parameters into the diagnostic
protocol for such patients.
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Results of a decrease in the concentration of
D-dimer in the third trimester, and a statistically
significant increase in the levels of SF obtained in
our study, may indicate a significant increase in
prothrombotic potential with increasing gestational
age due to the predominance of the prethrombotic
marker — SF — under the conditions of suppression of
the activity of wall fibrinolysis in order to minimize
blood loss during childbirth.

As for PC, the main component of the
anticoagulant system, we did not find statistically
significant changes in its activity for any of the co-
horts. Most scientists are focusing on hereditary de-
ficiency of PC during pregnancy indicating the im-
portance of this protein for normal hemostasis and
fetus development [24]. That is why those pregnant
who demonstrated the decreased level of PC must
be assumed to be a risk group needing more detailed
analysis.

In the present work, we performed a study of
platelet aggregation in pregnant women during ges-
tation. These anuclear cells are underestimated con-
tributors to healthy development during pregnancy;
however, are a source of proinflammatory mediators,
which might interact with different trophoblast sub-
types of the developing placenta [25]. Several studies
indicate no statistically significant changes during
gestation [26]. Others research agreed, but focused
on the decrease in platelet count that is accompanied
by notable change in the granule content [27].
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Our findings demonstrated the overall hyper-
reactivity of platelets during all trimesters of preg-
nancy. However, the rate and speed of ADP-induced
platelet aggregation were decreased from first to
third trimesters in both studied cohorts. The na-
ture of this phenomenon (that is also accompanied
by higher risk of intravascular thrombus formation)
must be studied more precisely, possibly with the use
of other agonists in platelet aggregation.

Conclusions. In conclusion, we propose diag-
nostic tests that cover different subsystems of hemo-
stasis: blood coagulation (fibrinogen, SF), blood co-
agulation and fibrinolysis (D-dimer), cellular branch
of hemostasis (platelet aggregation) and anticoagu-
lant system (PC). Independent analysis performed in
different cohorts, from different facilities and even
from different countries demonstrated the same
trends in the change of studied parameters during
gestation. First of all, the study confirmed the ade-
quacy of selected tests for detection of the risk of
intravascular thrombus formation that is elevating
during the later trimesters of gestation. On the other
hand, we were able to select some important pe-
culiarities that must be studied more precisely, in
particular, the interrelation of D-dimer and SF con-
centrations during pregnancy, the nature of platelet
aggregation suppression during the third trimester
of gestation and individual peculiarities of pregnant
women with decreased PC level.

Conflict of interest. Authors have completed
the Unified Conflicts of Interest form at http://ukr-
biochemjournal.org/wp-content/uploads/2018/12/
coi_disclosure.pdf and declare no conflict of interest.

Acknowledgements. Thanks to the Cedars-Si-
nai International Research and Innovation in Medi-
cine Program and Regional Cooperation for Health,
Science and Technology (RECOOP HST) Associa-
tion for their support of our organization as one of
the participating Cedars-Sinai RECOOP Research
Centers (CRRC).

Funding. This work was supported by the Ce-
dars-Sinai RECOOP Solidarity Fellowship (CRSF)
#1. Restoration of antibodies for the test system was
performed in the framework of the ALLEA grant
EFDS-FL2-02 provided to the Institution within the
framework of Funding Line 2 of the European Fund
for Displaced Scientists (EFDS).

BAJIIJAIIA JIATHOCTUYHOI'O
AJITOPUTMY AJA MOHITOPUHI'Y
MMOKA3HUKIB KOAT YJISIII Y
BATITHHUX

/. C. Koponvosd', A. O. [lasnenxo',
A. Anmopai®, C. I. JKyx®, 1. B. Vc3,
1O. O. Lapux®, A. Ilypansi?,

B. O. Yepnuwenxo™

TucturyT 6ioximii iM. O. B. [Tamnanina
HAH VYkpainu, Kuis;

Menununa mkoia imeni Anboepra CeHt-bepabs,
Cerencekuii yHiBepcuteT, Ceren, Yropiinsa;
SHauioHallbHa MEAUYHA aKaAeMisl MiCJISAUILIOMHOL
oceitu imeHi 1. JI. Hlynuka, Kuis, Ykpaina;
®e-mail: bio.cherv@gmail.com

Tpombo3n € omHMMH 3 HaliHEOE3MeUHIMMIX
YCKJIAJTHEHb BariTHOCTi. TOMY BaKJIMBE 3HAYCH-
HsI Ma€ Tia0ip BIATOBITHUX TECTIB i CTaHmapTH3A-
Lisl METOAMK TOYHOI AIarHOCTHUKH CTaHy CHCTEMH
3CiIaHHs KpoBi. Y Mii poOOTI MH JOCTiKyBajIu
JeKiJIbKa MOJICKYJIAPHUX MapKepiB 3arpo3d BHY-
TPITHBOCYAMHHOTO TPOMOOYTBOPEHHS Ta  OIli-
HIOBaJIM (PYHKI[iI0 TPOMOOIMTIB y BariTHUX MpPO-
TATOM TepMiHY TecTarii. Mu mpoBenn He3anexHi
BHUMIpIOBaHHS 32 TIi€I0 K METOOJIOTIEI0 IS PI3ZHUX
KOTOPT TaIlieHTiB, BuOpannx y Kuesi (Ykpaina) ta
B Cereni (Yropmuna). D-gumep 1 po3umHHUE (]i-
OpuH BHUMipIoBanu 3a jgomnomoror menoty ELISA.
PiBenb npoteiny C ouiHIOBAJIN 32 IONOMOTrOI0 aHa-
T3y xpomoreHHoro cyoctpary. Konnenrpariro ¢i-
OpWHOTEHY BHUMIPIOBAIIA CIIEKTPO(OTOMETPHIHIM
METOJIOM i3 BHUKOPHCTAaHHSIM TPOMOIHOMOMIOHOTO
(hepmenTy. DYHKIIOHATBHY aKTHUBHICTH TPOMOO-
[ATIB OIIIHIOBAJH 32 JIOTIOMOTOI0 arperaToMerpii.
CraTucTHyHUI aHaNi3 JaHUX [TPOBOJMIIM 3 JOIO-
Mororo Tecty Kpackema-Yoricca. CTaTHCTHYHO 10-
CTOBIpHE TIABHUIICHHS KOHIEHTpallii (GiOpuHOTeHYy
BiJI TEPIIOTO /0 TPETHOT'O0 TPUMECTPY BariTHOCTI
OyJo mokaszaHo I 000X JOCIIKYBaHUX KOTOPT
MamieHToK (y cepeHboMY 5-6 MT/MIT Ha TPEThOMY
TpuUMeCTpi). 3aCTOCOBaHI METOAM O3BOJHUIN BH-
SIBUTH Ti K TEHJICHIIi1 3HWKEHHS piBHS npoTeiny C,
a TaKOX MOSBY TIOMipHHX KiJbKocTel D-qumepy (110
300 ar/mn) i posunnHoro ¢idpuny (10 10-15 MKT/
mi). DyHKIIOHAIbHA aKTHUBHICTH TPOMOOIIMTIB
OyIta ImiIBHINEHa B IEPIIOMY TPUMECTPi BariTHOCTI
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Ta HE3HAYHO 3HWXKYBAJacs MPOTATOM HACTYMHHUX
TpUMeCTpiB. Pe3ysbTaTs moka3aiu 3MiHU B CUCTEMI
3CIIaHHS KPOBI BariTHUX Iij] Yac recraiii 3 ojHa-
KOBOIO €(DeKTHUBHICTIO HE3aJIeKHO BiJl 0OpaHUX KO-
rOpT, Yacy Ta Miclisl BUMIpIOBaHb. 3aCTOCYBaHHS Ha
MPaKTUIL 3aIPOIMIOHOBAHOTO alTOPUTMY JliarHOC-
THUKH MOXE JO3BOJIUTH OIL[IHUTH PH3UK TPOMOOTHY-
HUX YCKJIQJIHeHb IT1J1 9YaC BariTHOCTI

KnrmodoBi ciroBa: BarirHicTh, TPOMOOIIH-
TH, TpOMO03, po3unHHHuH Gi0puH, D-1umep, didpu-
HOI'EH.
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