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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 ± 2.9 to 68.4 ± 3.0 (P < 0.05). A slight decrease in total 

absolute level of activity of Total regulatory systems from 

673.9 ± 80.3 to 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) (norm is 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 ± 2.9 to 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 

mechanisms and centralization of regulation. In this case, 

the IVB has increased from 193.3 ± 19.5 at a norm of up 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) was revealed, i.e. there is a 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 ± 36.6 to 653.0 ± 173.1 (P = 0.05) and a decrease 

in LF/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 ± 2.9 to 117.3 ± 9.9 

(P < 0.001) on the background of the activity of the 

sympathetic nervous system. IVB has increased from 

193.3 ± 19.5 to 471.1 ± 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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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 ± 30.9 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 ± 36.3 to 40.6 ± 19.1 (P < 0.05) respectively was ob-

served. The ratio of LH/HF significantly increased from 

1.47 ± 0.30 to 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 ± 1.8 to 35.20 ± 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 

Table 1. Parameters of cardiointervalography in preeclampsia of severe degree (M ± m)

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

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 (s2) 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*

SI (%/s2) 131.05 ± 7.76 476.58 ± 25.01* 61.37 ± 5.62*

Total (ms2) 673.93 ± 8.31 409.83 ± 23.12* 1765.06 ± 112.74*

VLF (ms2) 234.20 ± 31.04 191.58 ± 14.59* 473.75 ± 30.18*

LF (ms2) 202.57 ± 8.68 177.67 ± 11.15* 498.31 ± 34.42*

HF (мs2) 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
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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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РЕГУЛЯЦИЯ КАРДИОРИТМА БЕРЕМЕННЫХ 
ПРИ ПРЕЭКЛАМПСИИ 

Раббімова Г.Т.
Самаркандський медичний інститут, Узбекистан

РЕГУЛЯЦІЯ КАРДІОРИТМУ ВАГІТНИХ 
ПРИ ПРЕЕКЛАМПСІЇ 

Резюме. Цель — комплексное исследование функциональ-

ного состояния вегетативной нервной системы (ВНС) у бере-

менных женщин с легкой (ЛП) и тяжелой преэклампсией (ТП).

Материал и методы. Под наблюдением находилась 81 жен-

щина с беременностью 28–40 недель. В исследуемую группу 

вошли 33 беременные с ЛП и 28 с ТП. Изучались параметры 

кардиоинтервалографии.

Результаты. Проведенные исследования показали, что изме-

нения в реактивности ВНС зависят от состояния и реактивно-

сти сердечно-сосудистой системы и разнообразны по характе-

ру их проявления. У беременных женщин с физиологическим 

течением беременности зарегистрировано нормоадаптивное 

состояние ВНС. У беременных с ЛП нормоадаптивное состо-

яние ВНС наблюдалось в 54,5 % случаев, гиперадаптивное — 

в 27,3 %, гипоадаптивное — у 18,2 %, с ТП — соответственно 

у 0; 49,9 и 57,1 %.

Выводы. Кардиоинтервалография является универсальным 

маркером адаптивных реакций ВНС. При преэклампсии нару-

шаются адаптивные реакции ВНС. У беременных с ЛП диза-

даптивное состояние ВНС наблюдается в 45,5 % случаев, а при 

ТП — в 100 % с незначительным преобладанием гипоадаптив-

ного состояния над гиперадаптивным.

Ключевые слова: беременность, вегетативная нервная систе-

ма, кардиоинтервалография, преэклампсия. 

Резюме. Мета — комплексне дослідження функціонального 

стану вегетативної нервової системи (ВНС) у вагітних жінок із 

легкою (ЛП) і з тяжкою прееклампсією (ТП).

Матеріал і методи. Під спостереженням перебувала 81 жін-

ка з вагітністю 28–40 тижнів. У досліджувану групу увійшли 

33 вагітні з ЛП і 28 з ТП. Вивчалися параметри кардіоінтерва-

лографії.

Результати. Проведені дослідження показали, що зміни в 

реактивності ВНС залежать від стану і реактивності серцево-

судинної системи та різноманітні за характером їх прояву. У 

вагітних жінок із фізіологічним перебігом вагітності зареєстро-

вано нормоадаптивний стан ВНС. У вагітних із ЛП нормоадап-

тивний стан ВНС спостерігався в 54,5 % випадків, гіперадап-

тивний — в 27,3 %, гіпоадаптивний — у 18,2 %, з ТП — відпо-

відно у 0; 49,9 і 57,1 %.

Висновки. Кардіоінтервалографія є універсальним марке-

ром адаптивних реакцій ВНС. При прееклампсії порушуються 

адаптивні реакції ВНС. У вагітних з ЛП дизадаптивний стан 

ВНС спостерігається в 45,5 % випадків, а при ТП — в 100 % 

з незначним переважанням гіпоадаптивного над гіперадаптив-

ним.

Ключові слова: вагітність, вегетативна нервова система, кар-

діоінтервалографія, прееклампсія.
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