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Annotation. As of today, there is no effective method for treating the fetoplacental dysfunction (FPD) in pregnant women with
preeclampsia. The aim of research was the study of the method proposed by the authors for restoring the functional activity of the
fetoplacental complex in pregnant women with FPD on the background of treatment of preeclampsia. A randomized controlled study
of the effect proposed treatment (intravenous solution of pentoxifylline; solution containing arginine hydrochloride and levocarnitine;
rheosorbilact) of 37 pregnant women at 35-40 weeks of gestation with FPD on the background of moderate preeclampsia, was
performed. Such ultrasound doppler measurements have been studied: systolic-diastolic ratio, resistance index, pulsation index in
the umbilical arteries, right and left uterine arteries, fetal middle cerebral artery, fetal internal carotid artery and fetal aorta before and
after the performed treatment. Statistics were processed using LibreOffice Calc (Mozilla Public License v 2.0), adapted for medical
and biological research. We used nonparametric Wilcoxon criteria, Mann-Whitney criteria at a significance level of p <0.05. After the
performed treatment, stabilization of the fetoplacental blood circulation in women of the main group was observed, which manifested
by decrease in S/D in umbilical artery in 1.3 times, in the left uterine artery in 1.4 times and in the fetal aorta in 1,1 times, and decrease
in Rl indices in the umbilical artery in 1.1 times, in the right uterine artery in 1.3 times, and increase in the middle cerebral artery in 1.4
times. So, in the course of the proposed treatment, the restoration of the blood flow velocity and the stabilization of vascular resistance
in uterine arteries and the umbilical artery were observed in the women of the main group. The research of the possibility of using the
above methodology in earlier gestational age and in the risk group for the prevention of preeclampsia is prospective and requires

further attention.
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Introduction

FPD is based on the malfunction of the compensatory
and adaptive mechanisms of the fetoplacental unit at the
molecular, cellular and tissue levels. FPD accompanies
almost all complications of pregnancy. Its frequency in
patients with preeclampsia makes up on average 66.3%
[22, 23].

Antiadrenergic drugs with the central mechanism of action
(methyldopa) or B-blockers (labetalol) are usually used for
the treatment of preeclampsia. Though, these drugs slow
down the blood microcirculation in the placenta, causing or
exacerbating the fetoplacental dysfunction [8, 18].

As of today, there is no method for treating the FPD in
pregnant women with preeclampsia, which would
significantly improve the condition of the fetus and prevent
the aging of the placenta and, respectively, its malfunction.
Methods of correction of the FPD in pregnant women are at
the research stage, do not give the guaranteed effect, and
require further intensive study and improvement.

Since the FPD has a certain pathomorphological basis,
which is manifested by the narrowing of the spiral arterioles
and capillaries in the placental area, in which areas of stasis,
aggregation and adhesion of the formed elements appear
[5, 15, 22], and in the treatment of preeclampsia with Dopegit
or Labetalol this situation is accompanied by a slowdown in

the blood flow in placental vessels [5, 7, 15, 18], our task
was to study drugs that would eliminate these phenomena
and be safe for the fetus.

Aim of the research was the development and research
of the method for restoring the functional activity of the
fetoplacental unit in pregnant women with FPD on the
background of treatment of preeclampsia.

The set task is carried out by using intravenous solution
of pentoxifylline 0.05% - 100 ml; solution containing arginine
hydrochloride 4.2% and levocarnitine 2.0%- 100 ml;
rheosorbilact - 100 ml once a day, in the specified sequence,
10 infusions per course of treatment [7].

Pentoxifylline is a peripheral vasodilator from the purine
group. According to the modern scientific evidence [12],
Pentoxifylline increases erythrocyte flexibility, fibrinolytic and
tissue plasminogen activator activity and inhibits platelet
adhesion. Importantly, its action on platelets does not
increase platelet adhesion or impair their function [13, 25].

Pentoxifylline improves the blood microcirculation in
areas of the impaired blood supply and normalizes the
rheological properties of blood, causes vasodilation, and
reduces the total peripheral vascular resistance. The drug
relaxes the smooth muscles of arteries, increases the
delivery of oxygen to the peripheral organs. The drug
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improves the blood oxygenation by widening the blood
vessels of lungs. It reduces blood viscosity, causes platelet
disaggregation, and increases the elasticity of red blood
cells by affecting the properties of the red blood cell
membrane [24, 25]. The use of pentoxifylline in this situation
was "off label", but availability the large number of reports of
its successful use during pregnancy [12, 13, 24, 25], we
also included it in the proposed treatment regimen, since it
complements and enhances the action of arginine and
rheosorbilact.

Arginine hydrochloride has antihypoxic, membrane-
stabilising, cytoprotective, antioxidant, detoxification activity,
acts as an active regulator of the intermediate metabolism
and energy supply processes, plays a significant role in
maintaining the hormonal balance in the body. In addition,
arginine hydrochloride is a substrate for No-synthase, the
enzyme that catalyzes the synthesis of nitric oxide in
endotheliocytes [13, 14, 16]. Levocarnitine is necessary for
transferring long-chain fatty acids to mitochondria for their
subsequent B-oxidation and energy formation [7].

The infusion therapy includes rheosorbilact intravenous
solution - 100 ml, which contains sorbitol, sodium lactate,
sodium chloride, calcium chloride, potassium chloride,
magnesium chloride. Rheosorbilact has a rheological,
antishock, detoxification, rehydration, and alkalizing effect,
improves tissue microcirculation and perfusion, which is
especially important in FPD, facilitates the correction of
metabolic acidosis, increases the body's resistance to
infections [3, 4].

Thus, pentoxifylline in combination with arginine
hydrochloride, levocarnitine and rheosorbilact solution
facilitates the oxygen saturation of blood, the restoration of
nitric oxide synthesis in endothelial and placental cells, the
improvement of rheology and microcirculation of blood
through the placenta, removes the vasoconstrictive effect
from vessels of the fetoplacental unit, has the antihypoxic
impact on the fetus, facilitates the general detoxification of
the woman's body [7].

Materials and methods

72 pregnant women at 35-40 weeks of pregnancy with
moderate preeclampsia and signs of FPD were under our
supervision. They were randomized into two groups. 37 of
them (MG - main group) received, in addition to the
antihypertensive therapy, the intravenous solution of
pentoxifylline 100 ml, solution containing arginine
hydrochloride 4.2% and levocarnitine 2.0% - 100 ml and
rheosorbilact - 100 ml once a day, in the specified sequence,
10 infusions per course of treatment [7]. The remaining 35
women (CG - comparison group) received only the
antihypertensive therapy (methyldopa, labetalol).

The control group consisted of 32 pregnant women at
35-40 weeks of gestation with a normal course of pregnancy.

Only those women with preeclampsia who took Dopegit
or Labetalol antihypertensive drugs for at least 10 days were
selected for the study.

The average age of pregnant women in the main group
was 26.4+5.2 years, in the comparison group - 25.546.1
years, and in the control group - 24.3+3.3 years. Women of
all groups were pregnant with 1 fetus. Before treatment, the
blood pressure (BP) in the main group was: 158+15.8 /
1024+7.2 mm Hg, in the comparison group - 153+17.4 /
101+8.3 mm Hg, in the control group - 115+9.2 /75+5.8 mm
Hg. The edema of the upper, lower extremities and anterior
abdominal wall was observed in 28 (75.7%) pregnant
women of the MG and in 25 (71.4%) women of the CG. The
edema of lower extremities was recorded in 21.9% of the
pregnant women in the control group. The daily proteinuria
in the main group made up 1.39+0.81 g/l, in the comparison
group - 1.41+0.76 g/l, and in the control group - 0.033+0.06
g/l. The main group and the comparison group were
comparable according to indices of pressure, edema, and
daily proteinuria. The significant difference (p<0.05) of these
two groups was observed against the indices of the control
group.

Pregnant women of the main and comparison groups
underwent the Doppler indices study [9, 21]: S/D (systolic-
diastolic ratio), RI (resistance index), Pl (pulsation index) in
the umbilical arteries, right and left uterine arteries, fetal
middle cerebral artery, fetal internal carotid artery and fetal
aorta before and after the performed treatment. Pregnant
women of the control group also underwent the Doppler
study twice, with the interval of 10 days. Dopplerometry was
performed using Voluson S8 device manufactured by
General Electric (USA), using C1-5-RS convex transducers
operating in 3.5 MHz range in color and pulse Doppler mode.

Pregnant women with preeclampsia, from whom,
according to the results of the Doppler study, zero or reverse
blood flow was registered in umbilical arteries or the fetal
aorta, were not included in the study.

Statistic data were processed by means of LibreOffice
Calc (Mozilla Public License v 2.0) adapted for medical and
biological research. Wilcoxon non-parametric criteria for even
samples were used for comparison of quantitative data
before and after the treatment period. When the difference
was found, paired comparisons of groups by means of Mann-
Whitney criteria were used. Differences were recognized
reliable when the level of significance was p<0.05 [11].

Ethical approval. An examination of women of all groups
was carried out in Khmelnytsky municipal perinatal center
from 1.09.2018 till 31.08.2020 year. The written agreement
with the women who volunteered to participate in the research
was signed. Approval National Pirogov Memorial Medical
University, Vinnytsya Ethics Committee was Received.
Permission for publishing of materials: the protocol Ne 3,
from 03.12.2020.

Results

Before starting treatment with intravenous solution of
pentoxifylline, arginine hydrochloride, levocarnitine and
rheosorbilact, the pregnant women with preeclampsia
underwent a Doppler examination (Table 1).
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Thus, before treatment, the main group, as well as the
comparison group of women differed from the control group
by 9 out of 18 studied parameters of dopplerometry. In
particular, the attention is drawn to the fact that significant
differences (p<0.05) against all the indices in comparison
with the control group were observed in the umbilical artery
in women with preeclampsia of both groups. In addition,
the blood velocity in uterine arteries in women with
preeclampsia significantly (p<0.05) differed from the control
group by Rl and Pl indices in the right uterine artery, by S/D
and Pl indices in the left uterine artery. The middle cerebral
artery in women under study differed from the control group
only by RI index, and the fetal aorta by S/D index, which
indicates that the fetus is still in relatively satisfactory
condition in this pathology.

After the performed treatment in the main group of
women, the significant difference (p<0.05) against the
control group was revealed by 3 indices out of 18, whereas
in the comparison group - by 9 (Table 2).

Table 1. The Doppler indices in women with preeclampsia before
treatment.

That is, the restoration of 6 Doppler indices was
observed in the group of pregnant women who received
the proposed therapy, which after treatment did not
significantly differ (p>0.05) from the group of healthy
pregnant women. The decrease of S/D in umbilical artery
in 1.3 times, in the left uterine artery in 1.4 times and in the
fetal aorta in 1,1 times, as well as decrease of Rl indices in
the umbilical artery in 1.1 times, in the right uterine artery in
1.3 times, and increase in the middle cerebral artery in 1.4
times were observed in women of the main group.

Thanks to the proposed treatment in women with
preeclampsia, it was possible to prolong pregnancy until
the term of delivery and to achieve a good assessment of
the newborn on the Apgar scale. The term of delivery in the
main group was 38.31+1.4 weeks and did not differ
significantly (p>0.05) from the control group - 39.8+0.6
weeks. In the comparison group the term of delivery
37.2+1.7 weeks was significant (p<0.05) less than in the
control group.

Table 2. The Doppler indices in women with preeclampsia after
treatment.

Note. * - the difference is significant against the indices of the

control group (p<0.05).

Groups of examined women Groups of examined women
Indices Main group Comparison group | Control group Indices Main group Comparison group | Control group
n=37 n=35 n=32 n=37 n=35 n=32
The umbilical artery The umbilical artery
S/D 3,93+0,76 * 3,96+0,81 * 2,75+0,36 S/D 3,03+0,64 4,02+0,76 * 2,7040,28
RI 0,70+ 0,06* 0,69+0,09 * 0,51+0,07 RI 0,64+ 0,13 0,7240,11 * 0,49+0,08
Pl 1,10£0,08 * 1,09+0,11 * 0,81+0,08 Pl 0,99+0,08 * 1,23+0,16 * 0,79+0,09
Right uterine artery Right uterine artery
S/D 2,23+0,44 2,32+0,51 1,79+0,17 S/D 2,03+0,28 2,38+0,66 1,80+0,14
RI 0,86+ 0,13 * 091+0,12 * 0,58+ 0,09 RI 0,67+ 0,2 0,80+ 0,19 0,52+ 0,11
PI 1,56+ 0,13 * 1,62+ 0,18 * 1,32+0,06 PI 1,76+ 0,19 * 1,88+ 0,21 * 1,41+0,12
Left uterine artery Left uterine artery
S/D 2,87+0,16 * 2,83+0,13 * 1,73+ 0,11 S/D 2,06£0,19 2,86+0,21* 1,79+0,13
RI 0,61+ 0,11 0,60+ 0,10 0,43+0,09 RI 0,62+0,16 0,89+0,19 * 0,51+0,10
PI 1,89+0,06 * 1,86 0,05 * 1,31+0,04 PI 1,49+0,16 * 1,41 £0,12 1,22+0,09
The middle cerebral artery The middle cerebral artery
S/D 4,91 0,46 4,85 +0,32 4,25+0,38 S/D 4,82 +0,40 5,07 +0,36 * 4,15+0,33
RI 0,51+£0,19 * 0,50+0,21 * 0,92+0,20 RI 0,72+0,23 0,47+0,20 * 0,88+0,18
Pl 1,5240,16 1,5840,12 1,65+0,19 PI 1,5240,16 1,58+0,12 1,72+0,15
Internal carotid artery Internal carotid artery
S/D 4,80+0,43 4,72+0,36 4,1+0,31 S/D 4,110,36 4,70+0,31 3,9+0,27
RI 0,48+0,18 0,41+0,19 0,72+0,16 RI 0,59+0,23 0,43+0,22 0,68+0,19
PI 1,3540,24 1,41+0,26 1,38+0,22 PI 1,33+0,24 1,40+0,25 1,34+0,27
The fetal aorta The fetal aorta
S/D 6,64+0,68 * 6,81+0,72 * 5,22+0,69 S/D 6,14+0,39 7,02+0,61 * 5,34+0,51
RI 0,83+0,07 0,86+0,09 0,76+0,04 RI 0,81+ 0,11 0,89+0,10 0,79+0,08
PI 1,98+0,13 2,03+0,15 1,82+0,07 PI 1,95+ 0,19 2,13+0,18 1,99+0,12

Note. * - the difference is significant against the indices of the
control group (p<0.05).
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The assessment of newborns on the Apgar scale in the
main group was 6.8+0.7 points and did not differ significantly
(p>0.05) from the control group - 7.7+0.5 points. In the
comparison group, the assessment of newborns on the
Apgar scale was 5.7+1.3 points, and was significantly lower
than in the control group (p<0.05).

Discussion

In the course of dopplerometry for women with
preeclampsia on the background of antihypertensive drugs
intake (before the prescription of intravenous solution of
pentoxifylline, arginine hydrochloride, levocarnitine and
rheosorbilact), the attention was drawn to the significant
slowdown in the blood flow and the increase of the vascular
resistance in umbilical and uterine arteries, as evidenced
by significantly (p<0.05) increased S/D, Rl and Pl indices in
these structures, which coincides with the data of other
researchers [1, 2, 5, 17, 21]. Such increases in the numerical
values of S/D, Rl and Pl in the uterine arteries are regarded
by clinicians as early signs of preeclampsia [9, 10, 21, 22].
This may be due to the insufficient invasion of the trophoblast
into spiral arteries, which leads to the significant increase of
vascular resistance of the maternal part of the placenta and
the impaired development of fetoplacental vessels due to
the obliteration of tertiary arterioles of the villi [20, 21, 26].

The malfunction of Doppler indices in the fetal umbilical
arteries, which is manifested by the increase of the vascular
resistance to the blood flow, is the manifestation of the
fetoplacental dysfunction, and it indicates not only the
pathology of blood circulation in the placenta, but also the
process of decompensation of the fetal life support [1, 18,
19, 20]. The significant decrease of Rl in the fetal middle
cerebral artery revealed before treatment in women with
preeclampsia of both groups may be a compensatory
reaction to the deterioration of the fetoplacental blood
circulation and is the indirect sign of brain plethora (the
phenomenon of blood circulation centralization) [1, 9, 10,
20]. Attempts to improve the utero-placental blood circulation
in fetoplacental dysfunction using arginine are described in
the scientific literature [2, 14, 17]. By adding pentoxifylline
and rheosorbilact to arginine (according to our method), we
not only dilate blood vessels of the microcirculatory
bloodstream, but also improve its oxygenation and
detoxification [3, 7, 13, 23]. We used pentoxifylline to enhance
the action of L-arginine, and rheosorbilact to gently remove
toxins from the feto-placental complex [7, 12, 24, 25]. Such a
treatment regimen allows to restore the functional activity of
the fetoplacental complex much faster than just L-arginine.

The proposed treatment significantly improved Doppler
indices in women of the MG (6 out of 9 indices returned to
the level of control group), despite the long-term intake of
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3ACTOCYBAHHSA PO3Y4YUHIB MEHTOKCU®INIHY, APTIHIHY TAPOXNOPUAY, NEBOKAPHITUHY | PEOCOPBINAKTY ANs
KOPEKL|Ii ®ETOMNALEHTAPHOI AUC®YHKLUII Y BAMTHUX XIHOK 3 NPEEKNAMMCIEIO
Fop6amiok O. I"., MpuzopeHko A. Il., LLlamkoecbka A.C., bBiHbkoecbka A. M., Bacbkie O.B., lepu4 O. X., lap6y3tok B. B.,

Ponoman A. I

AHoTauifn. Ha cb0200HiIwWHil 0eHb He icHye eghekmusHUXx Memodig rikysaHHsi ¢hemonnaueHmapHoi oucebyHkuii (Or14) y eaeimHux
XiHOK 3 npeeknamrcieto. Memoro 0ocnidxeHHs1 6yn0 8UB4EHHS 3arporoHO8aHO20 asmopamMu Memoldy 8iOHOEMEHHSI hyHKUIOHanbHOI
akmueHocmi ¢ghemonnayeHmapHo20 KOMeKcy y eacimHux XiHok 3 @I Ha ¢oHi ompumyesaHo20 niKysaHHs npeeknamncii. byno
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Horbatiuk O., Hryhorenko A., Shatkovska A., Binkovska A., Vaskiv O., Herych O., Garbuziuk V., Ropotan A.

rnposedeHo paHOOMi308aHe KOHMPO/bo8aHe OOCIIOXEeHHs eheKmu8HOCMI 3arporoHo8aHO20 Memody IiKy8aHHs (8HYMPIiWHbOBEH-
HO20 PO34YUHY MEHMOKCUINiHY, pO34UHY, WO Micmums apaiHiH 2i0poxnopud, neeokapHimuH ma peocopbinakm) y 37 eazimHux XIiHOK
8 mepmiHi 35-40 muxHie eazimHocmi i3 @1 Ha mni nomipHoi npeeknamncii. Jocnidxyeanu maki ynsmpa3sykoei 0ornnepoMmempuyHi
nokasHuku: S/D (cucmono-diacmoniyHe cniggioHoweHHs), Rl (iHOekc peaucmeHmHocmi), Pl (nynbcayitiHuli iHOekc) 8 apmepisx
nyrnosuHu, npasit ma nigiti Mamkosux apmepisix, cepedHiti Mo3koeili apmepii nnoda, eHympiwHili coHHIt apmepii nnoda ma aopmi
rnnoda 0o ma nicnsi 3anpornoHo8aHo20 nikyeaHHs. CmamucmuydHi 0aHi 06pobnsnu 3a doromoeoto LibreOffice Calc (Mozilla Public
License v 2.0), npucmocoegaHoi 05151 MeduyHux ma bionoeidHux docnidxeHb. Bukopucmosyeanu HenapamempuyHi kpumepii Binkokco-
Ha, kpumepii MaHHa-YimHi npu pigHi 3Hadywocmi p<0,05. [licna nposedeHo20 niKysaHHS y XIHOK OCHOBHOI epyrnu criocmepizanu
cmabinizauiro ghemonnayeHmapHo20 Kpoeoobiey, W0 nposiensnock y 3HWwkeHHi S/D e apmepii nynosuHu e 1,3 pasu, y nigiti Mamkositi
apmepii - 8 1,4 pasu ma 8 aopmi nnoda - 8 1,1 pa3u, a makox 3HUXeHHi nokasHukie Rl e apmepii nynosuHu - e 1,1 pasu, y npasit
mamkositi apmepii - 8 1,3 pasu ma nidsuwieHHi 8 1,4 pa3u - 8 cepedHili Mo3kosili apmepii. Onmxxe, nNpu 8UKOpPUCMaHHI 3arnporoHosa-
HO20 J1iKy8aHHs1 y XIHOK OCHOBHOI epyrnu criocmepizanu 8i0HO8MeHHsI weudKkocmi KpogonnuHy ma cmabinisayito cyOUHHO20 oropy y
Mamkogsux apmepisgx ma apmepil nynoguHu. [ocrnidxeHHs1 MOXIU8OCMi 8UKOPUCMAaHHSI suwe onucaHoi MemoOuku y 6inbw paHHix
mepmiHax eagimHocmi ma y 2pyni pusuky Orsi npogbinakmuku rpeeknamcii € nepcrekmusHUM i nompebye nodanbwioi yeaau.
KntovoBi cnoBa: ¢pemonnaueHmapHa OucyHKUid, npeeknamricisi, 1iKyeaHHs.
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