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REGULATION OF HEART RATE IN PREGNANT WOMEN
WITH PREECLAMPSIA

Summary. Objective — comprehensive study of the functional state of vegetative nervous system (VNS)
in pregnant women with mild (MP) and severe preeclampsia (SP).

Material and Methods. The observation involved 81 women with pregnancy of 28-40 weeks. The studied
group included 33 pregnant women with MP and 28 with SP. Parameters of cardiointervalography were studied.
Results. On the basis of findings it can be stated that the changes in the reactivity of the VNS depending on the
state and reactivity of the cardiovascular system are diverse on the nature of their manifestation. In pregnant
women with physiological course of pregnancy a normoadaptive state was recorded. In pregnant women with
MP a normoadaptive state was observed in 54.5 %, hyperadaptive — in 27.3 %, hypoadaptive — in 18.2 %, with
SP —in 0; 49,9 and 57.1 %, respectively.

Conclusions. Cardiointervalography is universal marker of adaptive responses. Preeclampsia violated adaptive
responses VNS. In pregnant women with LP disadaptive condition of VNS observed in 45.5 % of cases, while

with TP — in 100 % with a slight prevalence of hypoadaptive state over hyperadaptive one.
Key words: pregnancy, vegetative nervous system, cardiointervalography, preeclampsia.

Introduction

According to the World Health Organization in
the causes of maternal mortality preeclampsia is con-
sistently in the third place, ranging from 11.8 to 35 %
[1, 4]. Currently in obstetrics a view of preeclampsia, as
disadaptation syndrome from maternal body for preg-
nancy is formed. This syndrome involves a violation of
the homeostatic balance of the cardiovascular system,
as in physiological pregnancy there are cyclic changes
in hemodynamics, which after completion of pregnan-
cy regress and are regarded as circular adaptation syn-
drome in women for gestational process [1, 4, 6]. It is
known that vegetative nervous systems (VNS) is the main
regulator of homeostasis and adaptation of the body to
changes in the environment [3, 5, 7]. During pregnan-
cy, there is an intensive neuro-endocrine change of the
body with a predominance of vegetative mechanisms of
regulation. Deviations arising in the regulatory systems
prior to hemodynamic, metabolic, energy disturbances
are early signs of patient’s troubles [5]. The heart rate is
an indicator of these abnormalities. Universal markers
of adaptive responses are the parameters of cardiointer-
valography (CIG) [2, 7]. With the purpose of integrated
assessment of the sympathetic and parasympathetic parts
of VNS the analysis of heart rate variability (HRV) is ap-
plied [8].

In connection with this the aim of the study was a
comprehensive study of the functional state of VNS in
pregnant women with mild (MP) and severe preeclamp-
sia (SP).

Material and Methods

The method of CIG — ECG machine Suprodil with
a computer program recording and analysis of rhyth-
mocardiograms have been used [2, 3]. The study of
regulatory mechanisms and interpretation of data were
performed by the method of A.N. Fleyshman [7]. The
observation involved 81 women with pregnancy of 28—40
weeks. The studied group included 33 pregnant women
with mild preeclampsia and 28 with severe preeclampsia.
The control group consisted of 20 women whose preg-
nancy was without complications. The average age of
the surveyed pregnant women was 26.5 years. The heart
rate has been investigated in II standard lead position in
pregnant lying down, during quiet breathing, in a quiet
darkened room, which maintained a constant tempera-
ture of 20—22 °C. Just before the recording the period
of adaptation to the conditions of the study for 5 min-
utes has been observed. In pregnant women the value of
the total spectral density of power (Total) of waves of the
three components of the spectrum was estimated: very
low frequency (VLF) — sympathoadrenal; low frequency
(LF) — baro-receptor; high frequency (HF) — parasym-
pathetic. In order to determine the balance of VNS regu-
lation mathematical parameters such as (Mo) mode —
the duration of the most frequently appearing value of
cardiointerval; the amplitude of the mode (AMo) — the
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frequency of the cardiointerval appearance, equal to the
value of Mo, strain index (SI) of regulatory systems; as
well as the secondary data of variation pulsometry: in-
dex of vegetative balance (IVB), vegetative parameter of
the rate (VPR), the index of regulation process adequacy
(IRPA) [2, 3]. The basic statistical parameters were pro-
cessed by software package Statistics for Windows 6.0.
The relative values between the general portions were
compared using t — t-test at P =0.95.

Results and Discussion

In overwhelming majority of 18 (54.5 %) pregnant
women with MP an increase in rate of heart beats (RHB)
within normal limits up to 81.2 = 1.3 (P < 0.1) was ob-
served. At the same time, a slight decrease of Mo from
0.76 = 0.01 to 0.71 £ 0.01 (P < 0.01) was observed, the
activity of the sympathetic regulation link of AMO was
48.4 £ 2.5 (P > 0.05) at a normal rate of 43.3 *+ 1.8,
and the activity of the central mechanisms of regulation
over the autonomous, SI increased up to 179.8 = 27.1
(131.0 £ 14.7) (P > 0.05). At the same time on the back-
ground of sympathetic nervous system activity the func-
tional activity of the sinus knot IRPA is increased from
57.7%+2.9t068.4+3.0(P<0.05). Aslight decrease in total
absolute level of activity of Total regulatory systems from
673.9 £80.3t0 555.6 = 62.2 (P > 0.05) was observed, VLF
was slightly decreased from 234.2 + 31.0 to 229.1 £ 33.8
(P > 0.05), LF was the same and made 202.3 £ 25.9
(P > 0.05) (202.6 *+ 30.9), HF decreased up to a con-
siderable value of 24.3 £ 23.5 (P < 0.01) (237.1 £ 36.6)
respectively. In this case, the IVB increased and made
254.6+38.2(P>0.1) (normis 193.3+£19.5), and the VPR
increased and was 6.880 = 0.702 (P > 0.05) (5.6 = 0.4).
Such condition is treated as normoadaptive state.

In 9 (27.3 %) pregnant women with MP an increase
in RHS was determined normal up to 102.70 £ 2.43
(P < 0.01), the value of IRPA increased from
57.7 £ 29 t0 98.9 £ 11.1 (P < 0.01) against a back-
ground of the activity of the sympathetic nervous sys-
tem, AMO increased up to 55.00 £ 5.35 (P > 0.05) at
a norm of 43.3 = 1.8, SI increased from 131.0 £ 14.8
to 383.6 = 110.4 (P < 0.01) respectively, a decrease
of Mo up to 0.560 £ 0.013 (P < 0.01) at a norm of
0.76 £ 0.01, indicating a functional stress of adaptation
mechanismsand centralization of regulation. Inthiscase,
the IVB hasincreased from 193.3 + 19.5atanorm ofup to
414.8 £97.9 (P <0.01), and the VPR from 5.7 + 2.9 to
12.30 £ 2.43 (P < 0.5). According to the spectral analy-
sis was revealed: a decrease of Total from 673.9 + 80.3 to
368.2 £ 117.3 (P > 0.05), VLF decreased slightly from
234.2 + 31.0 to 217.3 £ 67.3 (P > 0.05), LF decreased
from 202.6 £ 30.9 to 113.2 = 46.0 (P > 0.05), decrease
of the quantities of HF 37.7 £ 21.8 (P < 0.01) at a norm
of 237.1 + 36.6 was observed. The value of LF/HF in-
creased up to 5.83 £ 1.85 (P < 0.05) at a norm of 1.49,
i.e., there is a slight increase in reactivity of regulatory
systems against a background of significant reduction
in the activity of the parasympathetic nervous systems.
This condition is regarded as hyperadaptive.

In 6 (18.2 %) women with MP decrease in RHS
within 61.50 £ 1.63 (P < 0.01), with this an increase of
Mo up to 0.970 £ 0.033 (P < 0.01) is noted, and AMO
dropped up to considerable values — from 43.3 + 1.8 to
31.20 £ 1.96 (P < 0.01), SI decreased from 131.0 £ 14.8
to 38.68 £ 6.20 (P < 0.01). In this case, against a back-
ground of moderate activity of parasympathetic ner-
vous system tone the functional activity of the sinus
knot of IRPA decreased from 57.7 + 2.9 to 32.6 + 2.7
(P <0.01). A reduction of the IVB from 193.3 + 19.5 to
74.2+10.6 (P<0.01)wasrevealed, i.e. there isa decrease
of reactivity of the cardiovascular system on the back-
ground of the activation of the parasympathetic nervous
system. An increase of the Total up to significant values
1463.8 = 387.3 (P < 0.05) (673.9 + 80.3) was revealed
with a slight increase of VLF from 234.2 + 31.0 to
360.0 = 97.6 (P > 0.05) and LF from 202.6 £ 30.9 to
450.8 = 159.4 (P > 0.05). An increase of HF from
237.1 £36.6t0 653.0 £ 173.1 (P = 0.05) and a decrease
in LE/HF up to 0.98 = 0.40 (P > 0.05) at a norm of
1.49 + 0.30 were observed.

Thus, on the basis of findings it can be stated that
the changes in the reactivity of the VNS depending on
the state and reactivity of the cardiovascular system are
diverse on the nature of their manifestation. In a norm-
adaptive state the activity of sympathetic and parasym-
pathetic nervous system, as well as humoral mechanisms
of regulation the parameters of CIG remained within
normal limits, but were relatively in high level, with a
predominance of the central regulation circuit. In hy-
peradaptive states the reactivity of the sympathetic ner-
vous system and humoral regulation with the centraliza-
tion of control, with a reduction of the reactivity of the
parasympathetic nervous system were mobilized. In hypo-
adaptive state against a background of the decrease of the
reactivity of sympathetic nervous system and humoral reg-
ulation mechanism, the prevalence of autonomous com-
ponents with the presence of parasympathetic part of VNS
was revealed; the activity of the sinus knot was decreased.

In SP in 12 (42.9 %) pregnant women an increase in
rate of heart beats above the norm up to 108.20 £ 3.64
beats/min (P < 0.01) was revealed, decrease in the level
of functioning of the cardiovascular system — Mo up to
0.53 £0.02 (0.76 £ 0.01) (P < 0.01); increase in the ac-
tivity of sympathetic link of regulation — AMO from
43.3 £ 1.8 % to 60.10 = 3.87 % (P < 0.05) and respec-
tively the degree of predominance of the activity of the
central mechanisms of regulation over the autonomous
SI from 131.1 &+ 14.8 increased and made 476.6 = 100.0
(P <0.05). At the same time the functional activity of the
sinus knot of IRPA increased from 57.7 £2.9t0 117.3+9.9
(P < 0.001) on the background of the activity of the
sympathetic nervous system. IVB has increased from
193.3+19.5t0471.1 £87.0 (P <0.05), as well as the VPB
from 5.65 £ 0.40 to 14.60 £ 2.55 (P < 0.01). According
to the spectral analysis a slight decrease in total absolute
level of the activity of regulatory systems was revealed —
Total from 673.9 £ 80.3 at a norm of up to 409.0 £ 115.6
(P > 0.05), metabolic-humoral and relative level of
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Table 1. Parameters of cardiointervalography in preeclampsia of severe degree (M £ m)

Parameter Physiological pregnancy SP hyperadavtive SP hypoadaptive
RHB (beats/min) 76.53+1.07 108.17 + 3.64* 60.94+2.13
MODE (s) 0.76 £0.01 0.53+£0.02* 0.83+0.02
AMO (%) 43.29+1.78 60.11 +£3.87* 35.19+ 1.74*
IVB (%/s) 193.33+19.54 471.13 £ 27.32* 97.27 £7.97*
VPR (s?) 5.65+0.43 14.56 + 2.56* 3.34+0.42
IRPA (%/s) 57.70+£2.94 117.28 + 9.90* 43.06 £2.73*
Sl (%/s?) 131.05+7.76 476.58 £ 25.01* 61.37 +5.62*
Total (ms?) 673.93 +8.31 409.83 + 23.12* 1765.06 + 112.74*
VLF (ms?) 234.20+£31.04 191.58 = 14.59* 473.75+30.18*
LF (ms?) 202.57 + 8.68 177.67 £11.15* 498.31 £ 34.42*
HF (ms?) 237.17+11.50 40.58 £ 3.15* 794.44 + 80.41*
LF/HF 1.49+0.26 16.81 +1.87* 1.12+0.24

Note: * — P < 0.05 as compared with the norm.

the activity of the sympathetic nervous system VLF de-
creased from 234.2 = 31.0 to 191.6 + 44.6 (P > 0.05), the
relative level of activity of the vasomotor center LF from
202.6 £ 309 to 177.7 £ 71.2 (P > 0.05) also decreased, a
decrease in the relative level of activity of the parasympa-
thetic regulation up to considerable values of HF — from
237.1 £36.3t040.6 £ 19.1 (P < 0.05) respectively was ob-
served. The ratio of LH/HF significantly increased from
1.47 £0.30to 16.8 £ 7.9 (P < 0.05). Relationship in terms
of the spectral analysis of wave power is as following. VLF
waves were 46.7 %, LF 43.4 %, HF was 9.9 % (at a norm of
15-30, 15 to 40 and 15—25 %, respectively) that indicates
a sharp predominance of sympathetic activity.

The results obtained on the parameters of cardiointer-
valography in preeclampsia of severe degree are shown in
table 1.

In preeclampsia of severe degree in 16 (57.1 %) of
pregnant women there was a decrease in rate of heart sys-
toles up to 60.9 £ 2.1 (P < 0.01), with the help of CIG
an increase of the level of sinus knot function against a
background of the increase of parasympathetic reactivity
was revealed; index of Mo increased from 0.76 = 0.01 to
0.83 = 0.02 a (P < 0.05), there is a decrease of the re-
activity of sympathetic link of regulation — AMO from
43.3+1.8t035.20 £ 1.74 (P <0.01), autonomous mech-
anisms of regulation predominated over the central —
SI increased slightly from 43.3 & 1.8 % to 61.40 + 9.62
(P < 0.01). At the same time IRPA reduced up to
43.10 £ 2.73 (in physiological pregnancy 57.7 * 2.9)
(P <0.01) on the background of the increase of the reac-
tivity of the parasympathetic nervous system.

According to the secondary indicators of pulsom-
etry variation: index of vegetative balance IVB decreased
from 193.3 £ 19.5 to 97.3 £ 13.9 (P < 0.01). Vegetative
index VPR significantly decreased from 5.65 *+ 0.40 to
3.34 £ 0.42 (P <0.01).

According to the spectral analysis a significant increase
in Total up to 1765.1 &+ 232.7 (673.9 £ 80.3) (P < 0.05) was
revealed, which indicates the imbalance of regulatory sys-

tem, disrupting of the functional reserves, work of the sys-
tem in autonomous mode; metabolic-humoral and relative
level of the activity of the sympathetic nervous system VLF
increased from 234.2 + 31.0 to 473.8 = 50.1 (P < 0.05), an
increase of the relative level of the activity of the vasomo-
tor center LF from 202.6 & 30.9 to 498.3 = 94.4 (P < 0.05)
and the relative level of the activity of the parasympathetic
regulation of HF from 237.1 + 36.3 to significant values
794.4 £ 80.4 (P < 0.05) is observed.

Power ratio in absolute LH/HF terms was 1.12 £ 0.24
(1.47 £ 0.30) (P > 0.1), but this parameter is not statisti-
cally significant. In percentage terms on the parameters
of the spectral analysis of waves power are as follows: VLF
waves were 26.8 %, LF — 28.2 %, HF makes 45.0 %.

Conclusions

In pregnant women with physiological course of preg-
nancy a normadaptive state was recorded.

1. In pregnant women with MP a normadaptive state
was observed in 54.5 %, in 27.3 % hyperadaptive, in
18.2 % hypoadaptive state were revealed. In SP in 12
(42.9 %) hyperadaptive and in 16 (57.1 %) hypoadaptive
state were revealed. Normoadaptive state in the group was
not revealed.

2. The more severe the preeclampsia, the greater viola-
tion indicators of adaptive mechanisms in the reactivity of
the VNS is revealed. At a rate of heart beats higher than
normal in the centralization of regulatory systems over
the autonomous on the background of the activation of
the sympathetic nervous system, an effect of the sympa-
thetic nervous system, an increase of the reactivity of the
sympathetic humeral sympathetic nervous regulation, an
activation of vasomotor regulation with decreasing of the
parasympathetic regulation predominated, all testifies hy-
peradaptive reactivity of the body (with MP 27.3 %, with
42.9 % of the SP).

3. In a group of pregnant women in a rate of heart
beats within the lower limits, a tone of parasympathetic
nervous system with centralized vasomotor center of
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regulation is predominated, metabolic-humoral mech-
anisms of regulation are exhausted, the activity of the
vasomotor center and activity level of the parasympa-
thetic nervous system are increased, which promotes the
development of hypoadaptive state in the body in MP
18.2 %, in SP 57.1 %.
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Pa66umosa . T.
CamMapPKAHACKU MEANLMHCKN MHCTATYT, Y36eKUCTaH

PEFYAGLING KAPAUNOPUTMA BEPEMEHHbIX
NPU NMPESKAAMICUA

Pesiome. Ilenp — xommiaekcHoe uccienoBaHue HyHKUMOHAIb-
HOT'O COCTOSIHMSI BereTaTuBHOI HepBHOIT cucteMbl (BHC) y Gepe-
MEHHBIX XKeHIIIWH ¢ jierkoii (JIIT) u Tsokenoii mpeakiamiicueii (TIT).

Marepuan u Metoasl. [Tox HabGmIOneHMEM Haxomuaach 81 JkeH-
1MHa ¢ OepeMeHHOCTbIO 28—40 Henenb. B uccienyemyto rpymmy
Bouwn 33 6epemennsbie ¢ JIIT u 28 ¢ TI1. M3yyanuch mapamMeTpbl
KapaMouHTepBaorpadhum.

Pesyabratsl. [IpoBeeHHbIE MCCISIOBAHKS MMOKA3AIN, YTO U3ME-
HeHus B peakTuBHOCTU BHC 3aBUCST OT COCTOSIHUSI U peaKTUBHO-
CTU CEeplIeYHO-COCYIUCTON CUCTEMbI U Pa3HOOOPA3HBI IO XapaKTe-
Py UX TIPOSIBIICHUS. Y OepeMEHHBIX KEHIIUH C (PU3MOTOTMYECKUM
TeYeHHEeM OEepeMEHHOCTH 3aperucTpUpOBaHO HOPMOAJANTUBHOE
cocrosare BHC. ¥V 6epemennbix ¢ JIIT HopMoaganTUBHOE COCTO-
aure BHC na6monanocs B 54,5 % ciydyaeB, TuriepaganTuBHOE —
B 27,3 %, runoamantusHoe — y 18,2 %, ¢ TI1 — cooTBeTCTBEHHO
y0;49.9u57,1%.

BeBoapl. KapanounrtepBanorpadusi siBIsSIETCS YHUBEPCAIbHBIM
MapKepoM agantuBHbIX peakunit BHC. [1pu npeskiamricun Hapy-
matorest ananTuBHble peakun BHC. ¥V 6epemennsbix ¢ JIIT ausa-
nantusHoe coctosinne BHC na6monaercs B 45,5 % ciryyaes, a ipu
TIT — B 100 % c He3HAYUTEIBHBIM IIPeO0IaTaHUEM TUII0AIAIITHB-
HOTO COCTOSTHMSI HaJl TUTIEPaJalTUBHBIM.
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Pa66imosa I'.T.
CamMapPKAHACKUI MEANYHWY IHCTUTYT, Y36eKMCTaH

PEIYASILIIS| KAPAIOPUTMY BATITHUX
NP NPEEKAAMNCIl

Pesiome. Meta — KOMIUIEKCHE TOCTiIXKEHHS (DYHKILIOHAIBHOTO
cTaHy BeretatuBHOI HepBoBoi cuctemu (BHC) y BariTHuX XiHOK i3
nerkoio (JIIT) i 3 Tskkolo nmpeexinamicieto (TIT).

Marepian i meromu. I1in cioctepexxeHHsIM mepedyBaia 81 XiH-
Ka 3 BaritHicTio 28—40 TIXHIB. Y JOCHiIKXyBaHy TpyIy yBiALIUIM
33 paritni 3 JIIT i 28 3 TI1. BuBuanucst mapaMeTpy KapaioiHTepBa-
norpadii.

Pesynsratu. [IpoBeneHi HOCHimKeHHS MOKa3aiu, 11O 3MiHU B
peaktuBHOCcTi BHC 3anexatpb Bil cTaHy i peaKTUBHOCTI CepLieBO-
CYIMHHOI CUCTEMHU Ta Pi3HOMAHITHI 3a XapaKTepoM iX IMposiBy. Y
BaTiTHUX XXiHOK i3 (bi3i0J0TiYHMM MepebiromM BariTHOCTI 3apeecTpo-
BaHO HopMmoananTuBHuii cran BHC. Y Barithux i3 JITT Hopmoanamn-
tuBHUi ctan BHC cniocrepirascs B 54,5 % Bumnankis, rinepajaari-
TuBHUN — B 27,3 %, rinoagantuBHuii — y 18,2 %, 3 TI1 — Binmno-
BinHO ¥ 0; 49,91 57,1 %.

BucunoBku. KapniointepBasiorpadisi € yHiBepcalbHUM MapKe-
poMm amantuBHUX peakuiit BHC. [1pu mpeekiiaMIICii TOPYIIyIOThCS
amantuBHi peakuii BHC. VY BaritHux 3 JII1 nusagantuBHuii cran
BHC cnocrepiraetsest B 45,5 % Bunankis, a pu TIT — B 100 %
3 He3HAYHUM TIepeBaXKaHHSIM Til0aJalTUBHOTO HAJI TillepaIanTrB-
HUM.

KumouoBi ciioBa: BariTHiCTh, BereTaTMBHa HEpBOBa CHUCTEMa, Kap-
nioiHTepBasorpadisi, mpeekJIamIiCis.
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