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The aim of the study was to assess biomedical risk factors for preeclampsia in pregnant women with chronic arterial hypertension
(CAH) and on this basis to create the neural network system for calculating the probability of developing preeclampsia in these women.

Materials and Methods. Pregnancy and delivery outcomes were analyzed in 548 patients with pre-existing arterial hypertension (AH):
318 with CAH and 230 with preeclampsia secondary to CAH. Risk factors were calculated using the OpenEpi program (UK). A combined
method of global optimization and neural network method of information compression were used when training the developed neural
network system.

Results. There were identified the main risk factors for developing preeclampsia in pregnant women with CAH: hereditary burden of
hypertension; hypertensive disorders in previous pregnancies; hypertension during more than five years; the initial diastolic blood pressure
being more than 80 mm Hg; body mass index more than 30; tobacco smoking; nulliparity; chronic pyelonephritis and gastritis; hypertensive
disease stage II; degree Il and Il AH; hypertensive retinal angiopathy; left ventricular hypertrophy; lack of regular antihypertensive therapy
before and during pregnancy; late treatment initiation. The data obtained were used to train and test the neural network software and to
develop the “Neuro_Chronic — neural network system for predicting secondary preeclampsia in pregnant women with chronic arterial
hypertension”. The system includes two modules. The first module is designed to train the neural network software model using a given set
of images, the second module provides evaluation of preeclampsia developing during pregnancy in a particular patient in the form of five
probability options — from very low to very high — after entering the parameters obtained during the anamnestic and clinical examination
into the corresponding fields.

Conclusion. Revealing the proposed predictors of preeclampsia in pregnant women with CAH and entering these data into the
developed computer program will enable physicians to determine the probability of preeclampsia developing during gestation at the
outpatient stage and to take timely preventive measures in pregnant women at high-risk.

Key words: risk factors in pregnant women; arterial hypertension; hypertensive disease; complications in pregnancy; preeclampsia;
neural network system.

Introduction

Arterial hypertension (AH) in pregnancy is one of
the most common and dangerous medical disorders.
According to the Ministry of Health of the Russian
Federation, edema, proteinuria, and hypertensive
disorders accounted for 15.1% of all causes of maternal
death in the Russian Federation in 2014 and 10.1% in

2015, being classified as potentially preventable [1, 2].
In pregnant women, the prevalence of chronic arterial
hypertension (CAH) has increased by almost one-third
over the past 10-15 years due to an increase in the
average age of parturient women [3]. According to the
literature data [4], in patients with pre-pregnancy AH,
preterm birth rate is 10-12%, stillbirth rate is 3.8%,
intrauterine growth restriction accounts for 16.6%,
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while the level of perinatal mortality reaches 11.4%.
Preeclampsia exacerbates the perinatal outcomes in
particular: the incidence of adverse outcomes associated
with this complication amounts to 22% [5]. According
to foreign literature, preeclampsia complicates 78% of
pregnancies in women with severe CAH and 20-25%
of pregnancies in women with degree | AH [6]. Domestic
scientists show that 36-52% of patients with CAH
develop this pathology during gestation [5, 7].

Preeclampsia can develop in any pregnancy, but the
probability of this complication risk is associated with a
combination of several factors in one woman [8]. At the
same time, there is evidence that preeclampsia does not
always develop in the presence of certain risk factors,
and, by contrast, this complication may develop even
in the absence of predictors [9-11] — all this makes it
difficult to predict and prevent preeclampsia.

The research [8, 12—15] has revealed risk factors likely
to increase the probability of preeclampsia in pregnancy:
nulliparity; the inter-pregnancy interval of more than
10 years; family history of preeclampsia; hypertensive
disorders in previous pregnancies; age over 35 years;
increased body mass index (BMI>25); diastolic blood
pressure (DBP) being more than 80 mm Hg on the date
of registration; multiple pregnancy; insulin-dependent
diabetes; kidney diseases; hypertensive disease (HD);
thrombophilia in past history and autoimmune diseases;
antiphospholipid syndrome. However, there are few
works in the scientific literature devoted to studying the
risk factors for secondary preeclampsia in pregnant
women with CAH and the possibility to predict this
complication development by identifying the disease
predictors in the given category of individuals.

HD is known to increase many times the risk of
developing preeclampsia during pregnancy (especially,
its severe forms) [8, 14]. Pre-pregnancy degree | AH
increases the risk of preeclampsia by 2 times even
without target organ damage [16]. There is some
information about such risk factors for preeclampsia
in women with CAH as obesity (Quetelet index 230),
hereditary burden of hypertension and life-threatening
cardiovascular diseases, pre-pregnancy smoking [7]. It
should be noted that there are findings in the literature
denying the risk of preeclampsia in women smokers [17-
20], although the authors fail to explain thoroughly the
mechanism of this process. They suggest that carbon
dioxide produced while smoking inhibits the synthesis
of placental proteins sFIt1, reduces placental apoptosis
and necrosis.

Preeclampsia secondary to CAH depends on many
factors that may occur in combination or be unrelated to
each other and have individual influence. In this regard,
a trained artificial neural network is likely to be the best
solution for predicting this complication in pregnancy.
Neural network technologies are advantageous in
solving problems under uncertainty, when working with
fuzzy data, such conditions being typical for many tasks
in the field of medicine [21].
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The aim of the study was to assess biomedical risk
factors for preeclampsia in pregnant women with chronic
arterial hypertension (CAH) and on this basis to create
the neural network system for calculating the probability
of developing preeclampsia in these women.

Materials and Methods

Pregnancy and labor outcomes were analyzed
retrospectively in 548 patients with CAH whose labor
took place at lvanovo Research Institute of Motherhood
and Childhood named after V.N. Gorodkov in the
period from 2013 to 2017. Depending on the course of
pregnancy (secondary preeclampsia), they were divided
into two groups: group 1 consisted of 318 pregnant
women with CAH (ICD-X code 010.0), group 2 included
230 patients who developed preeclampsia against the
background of CAH (ICD-X code O11).

The diagnosis was made in accordance with the
clinical guidelines “Hypertensive disorders during
pregnancy, the intrapartum and postpartum periods.
Preeclampsia. Eclampsia” dated 2016, approved by the
Ministry of Healthcare of the Russian Federation, where
the classification of hypertensive disorders in pregnancy
is as follows [22]:

preeclampsia and eclampsia (ICD-X codes 014,
015);

preeclampsia and eclampsia secondary to chronic AH
(ICD-X code O11);

gestational (pregnancy induced) AH (ICD-X code
013);

chronic AH existing prior to pregnancy (ICD-X code
010) and including two nosological forms: HD and
secondary (symptomatic) AH.

The study complies with the Declaration of Helsinki
(2013) and was approved by the Ethics Committee
of Ivanovo Research Institute of Motherhood and
Childhood named after V.N. Gorodkov. All the patients
gave informed consent to participate in the study.

Exclusion criterion was secondary (symptomatic) AH
(ICD-X codes 010.1, 010.2, 010.3, 010.4).

Preeclampsia secondary to CAH was diagnosed in
pregnant women if there was proteinuria for the first time
after 20 weeks of pregnancy (urinary protein in amounts
exceeding 0.3 g in a 24-hour urine collection) and in
case of AH in the women whose BP had been controlled
prior to week 20 of pregnancy.

The data for investigation were copied from medical
records (medical histories of pregnant and parturient
women and labor case histories).

When training the neural network system, a combined
method of global optimization was used which involved
the use of gradient, memory gradient, advanced random
search, inertial and genetic algorithms at different
search iterations. The method enables overcoming local
extrema of the objective function and finding the global
optimum. Neural network compression method makes
it possible to reduce the dimensions of the analyzed
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information and highlight the main components of
images.

Computer program “Neuro_Chronic — neural network
system for predicting secondary preeclampsia in
pregnant women with chronic arterial hypertension” was
created and tested using processor x86 Family 6 Model
23 Stepping 6 Genuine Intel ~2999 MHz with Microsoft
Windows XP Professional, Microsoft Office Excel 2007
software.

Statistical analysis was carried out using variation
statistics methods with applied licensed software package
Microsoft Office 2010, Statistica 6.0 and methods of
clinical epidemiology (calculation of relative risk values —
RR, confidence interval — CI at the significance level
of 95%) using the OpenEpi program (UK). Quantitative
values were expressed as mean and standard error of
mean (Mxm) for normal distribution and as a median with
the 25% and 75" percentiles (Me [25; 75]) if distribution
was different from normal. Significance of differences
between the indexes was evaluated using Student
t-criterion and Mann—Whitney U-test (significance level
p<0.05 was regarded as statistically significant).

Results and Discussion

Analysis of both groups showed that there were
almost no differences in the average age of women,
it was 33.120.5 years in patients with CAH and
32.1+£0.6 years in patients with CAH and secondary
preeclampsia (p=0.06). Social characteristics of
patients of both groups were also comparable. Tobacco
smoking occurred in women with CAH and secondary
preeclampsia statistically significantly more often than in
group 1 — 4.3 and 1.9%, respectively (RR=3.6; 95% ClI
1.4—10.3; p=0.005). Earlier registration at the women’s
clinic was more often observed in women of group 1 as
compared to group 2 (55.03 and 46.9%, respectively;
p=0.04). At the same time, at the first visit to the clinic
pregnant women had higher BMI (31.5+0.7) in group 2
than in group 1 (28.6+0.7) (p=0.001). There were no
significant differences in the average levels of systolic
and diastolic BP on registration and these parameters
amounted to 137.5 (120—-140) and 80 (80-90) mm Hg in
group 1 and 132.5 (120-140) and 86 (80-90) mm Hg in
group 2 (p>0.05 in all cases). However, it is remarkable
that at the first visit DBP above 80 mm Hg was more
often reported in patients of group 2 (60.4%) than in
group 1 (48.4%) (RR=1.6; 95% CI 1.2-2.3; p=0.003).
The average AH duration in patients of both groups was
practically unchanged and amounted to 7.2+0.5 and
7.510.2 years (p=0.06); however, 57.4% of patients in
group 2 suffered from this pathology for more than five
years, while they were only 48.1% in group 1 (RR=1.5;
95% CI 1.1-2.1; p=0.02). Stage Il HD with target
organ damage was more often diagnosed in women of
group 2 — 39.6 vs. 23.3% of pregnant women in group 1
(RR=2.2; 95% CI 1.5-3.1; p=0.0001); in other patients,
stage | HD was diagnosed. Pre-pregnancy degree |
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AH was established in group 1 more frequently than in
group 2 (80.5 vs. 62.6%; p=0.001). At the same time,
women in group 2 were more likely to have degree Il AH
(29.1%) (RR=1.9; 95% CI 1.3-2.9; p=0.001) and degree
ll AH (8.3%) (RR=4.7; 95% CI 1.9-12.9; p=0.001).
Comparison of the maximum levels of systolic BP in the
first half of pregnancy showed that it was higher (150
(140-160) mm Hg) in women of group 2 than in pregnant
women of group 1 (140 (130-150) mm Hg) (p=0.01).
The maximum DBP level in women of group 2 was also
higher and amounted to 100 (90-105) mm Hg, while in
group 1 it equaled 95 (90—100) mm Hg (p=0.002).

According to Order of the Ministry of Healthcare of the
Russian Federation No.572n dated 12.11.2012 “Approval
of the procedure for healthcare delivery in the field of
obstetrics and gynecology (but not including the use of
assisted reproductive technologies, Annex No.1-4),
all pregnant women were examined by a therapist, an
ophthalmologist and underwent ECG in the first trimester.
Examination by the therapist confirmed the presence
of CAH in patients of both groups. Ophthalmological
examination of the eye fundus in the first trimester of
pregnancy revealed hypertensive angiopathy of the retina
in most patients of group 2 — 69.6 vs. 41.3% in group 1
(RR=3.7; 95% CIl 2.5-5.5; p=0.001). Retinal angiopathy
degree | B was diagnosed in 29.6% of these patients in
group 2 vs. 9.4% in group 1 (RR=4.1; 95% CI 2.5-6.5;
p=0.0001). According to ECG data obtained in the first
trimester, left ventricular hypertrophy was recorded
in 18.3% of pregnant women in group 2 and 4.7% in
group 1 (RR=4.5; 95% CI 2.5-8.6; p=0.0001).

The analysis of previous diseases revealed that all
examined patients had come through different infectious
childhood diseases (measles, rubella, scarlet fever,
chickenpox), each woman had suffered acute respiratory
viral infection at least once (p>0.05 in all cases). The
study of family medical history found hereditary burden of
HD and cardiovascular disease to be more often present
in pregnant women of group 2 (66.3%); in group 1
it was 47.1% (RR=2.2; 95% CI 1.3-3.9; p=0.001).
Hypertensive disorders in previous pregnancies were
observed in 19.1% of patients in group 2 and 11.0% in
group 1 (RR=1.9; 95% CI 1.2-3.1; p=0.01).

In terms of extragenital pathology, fat metabolism
disorders were observed more often in patients of
group 2 compared to group 1 and accounted for 56.6
and 36.1% (RR=2.3; 95% CI 1.3-4.0; p=0.01); chronic
pyelonephritis made 34.7 and 17.3% (RR=2.5; 95% ClI
1.7-3.8; p=0.0001); chronic gastritis — 16.0 and 13.0%
(RR=1.2; 95% CI 1.1-2.1; p=0.04), respectively.

Analysis of gynecological and obstetric history of
patients in the two groups revealed no significant
differences. It was remarkable that almost half of women
in group 2 (44.8%) were expecting their first labor and
this percentage was only 36.2% in group 1 (RR=1.4;
95% CI 1.1-2.1; p=0.02); in group 2 the patients
were more likely to be primiparous: 31.7 vs. 22.6%,
respectively (RR=1.6; 95% CI 1.1-2.3; p=0.01).
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Before pregnancy, women in group 1 received regular
antihypertensive therapy significantly more often than
in group 2 (p=0.01) where occasional symptomatic
therapy prevailed (p=0.01), which increased the risk
of preeclampsia 1.9 times (95% CI 1.2-3.0). During
pregnancy, antihypertensive therapy was more common
in group 1 patients (p=0.001). It was mainly initiated in
the first trimester in both groups (p=0.05), but in group 1
it began earlier — at 9.3+1.3 weeks, on average, while
in group 2 — at 13.4+£1.2 weeks (p=0.02). The absence
or late initiation (in the third trimester) of antihypertensive
therapy in pregnancy increased the risk of preeclampsia
in women with CAH (p=0.001 and p=0.04, respectively)
by 2.8 (95% CI 1.8-4.5) and 1.7 times (95% CI 1.1-2.7),
respectively.

Thus, according to our data, the risk of preeclampsia
in pregnant women with CAH is increased in patients
with hereditary burden of HD by 2.2 times, in those
with hypertensive disorders in previous pregnancies
by 1.9 times, with AH duration of more than five years
by 1.5 times, with baseline DBP of more than 80 mm
Hg by 1.6 times, with body mass index of more than
30 by 2.3 times, in smoking patients by 3.6 times, in
nulliparous patients by 1.4-1.6 times, in those with
chronic pyelonephritis by 2.5 times, with chronic gastritis
by 1.2 times. The presence of stage Il HD increases
the risk of developing preeclampsia by 2.2 times,
degree Il AH by 1.9 times, degree Il AH by 4.7 times.
Target organ damage such as hypertensive retinal
angiopathy increases the risk of this complication by 3.7
times, retinal angiopathy degree | B by 4.1 times, left
ventricular hypertrophy (according to ECG) by 4.5 times.
The absence of regular antihypertensive therapy before
pregnancy increases the risk of preeclampsia by 1.9
times, the lack of therapy during gestation by 2.8 times,
late treatment initiation (Ill trimester) by 1.7 times.

Investigations carried out in this field [23-26] allowed
us to formulate the main risk factors for preeclampsia
in pregnant women with CAH: age over 36 years;
hypertensive disorders in previous pregnancies; the

[nput T T T

| | The probability
Health of developing
parameters | Output | preeclampsia

| =>

Neural |
netwom

Figure 1. The structure of a neural network with a
compressive hidden layer to predict preeclampsia
developing

W;; — a set of weights of connections between receptor and
associative layers; Wj, — a set of weights of connections
between associative and effector layers
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presence of polymorphisms of vascular tone regulating
genes (renin-angiotensin system and endothelial
nitric oxide synthase); closed craniocerebral trauma in
medical history; chronic pyelonephritis in history and
its exacerbation during gestation; pelvic inflammatory
diseases; early gestosis during pregnancy; increased
BMI; smoking.

The data obtained should be evaluated as specific
risk factors for the development of preeclampsia in
pregnant women with CAH, used by us for training
and testing the neural network software in the form of
images represented by number sequences reflecting
the clinical and anamnestic data of the patient. The
input parameters (the data concerning medical history
and examination of a pregnant woman) correspond to
the predictors obtained in the mathematical analysis:
18t pregnancy, 1%t labor, hereditary burden of HD,
smoking, stage Il HD, retinal angiopathy, chronic
gastritis, chronic pyelonephritis, body mass index more
than 30, baseline DBP more than 80 mm Hg.

The structure of the neural network includes an input
layer for distribution of training image signals and two
layers of sigmoid neurons, associative (hidden) and
effector (output) layers, respectively (Figure 1). The input
layer contains ten cells corresponding to the number of
parameters in each image, the hidden layer contains
seven neurons. Due to a smaller number of cells in
the hidden layer, data is compressed using neural
network funnel technology that allows selecting the main
uncorrelated information. Neural network information
compression is the preferred substitute for principal
component analysis containing such costly operations
as finding eigenvalues and eigenvectors of matrices [27].
The output layer of the network consists of one neuron
determining the probability of complications.

Training neural network implies finding the optimal
weighting factors of connections between neurons in
which the error of the network response tends to zero.
A series of numerical experiments were performed to
determine the best training algorithm in this task. Training
was carried out by the method of error back-propagation,
random search, genetic algorithm. However, the
combined method of global optimization proved to be the
most effective [28]. Using this algorithm, we managed to
achieve high quality of network operation — more than
90% of correct answers. While operating the neural
network, there is a possibility of its additional training.

Introduction of adjustment coefficient for each neuron
on the hidden and output layers according to the
Golovko scheme allows forming the neuron response at
the most productive area of the activation function curve
[29]. With commonly accepted notations, this appears as
follows:

TupdliI=Teur i1+ - O] - 8]'[]],
Oj[j]=1/(1+eTeurUl-SIH),

where T,q Ty are adjustment coefficient values
updated and current, respectively; n is neural network
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training rate constant; Oi, Oj are values of

g
[l HefApoceTeBoe NPOrHO3MPOBaHME B aKyLLEPCTBE 1 MHEKOAOT N

=REl X

neuron output signals at the receptor and
associative layers, respectively; o/ is derived

Mpougce 0By4eHNA HEUPOHHON CaTU

function of associative layer neuron error;
i is the number of receptor layer neuron;
j is the umber of associative layer neuron;
Sj is the sum of signals at the input of hidden
layer neuron; Hj is the parameter determining
the form of neuron activation function; e is
Euler’s transcendental constant.

This measure allows us to accelerate
neural network training process and increase
the level of recognition.

After training and testing the system, there
was developed an intelligent program system

<

Step=198401 Proc= 77,08 &
Step=198501 Proc= 77,08
Step=198601 Proc= 77,09
Step=198701 Proc=77,09
Step=198801 Proe=77,09
Step=198801 Proc= 77,09
Step=199001 Proc= 77,09
Step=199101 Proc= 77,09
Step=199201 Proc= 77,09
Step=199301 Proc= 77,09
Step=199401 Proc= 77,09
Step=199501 Proc= 77,10
Step=199601 Proc= 77,10
Step=199701 Proc= 77,10
Step=199801 Proc= 77,10
Step=199901 Proc= 77,10

YTeHne gaHHbIX 1z Excel

QOBy4eHUE HEVPOHHON ceTu

Popma BEOOA

1 [

“Neuro_Chronic — neural network system a
for predicting secondary preeclampsia T p—— —_—
in pregnant women with chronic arterial S e
hypertension” to determine the probability of i e
developing preeclampsia in pregnant women e
with CAH. The system includes two modules. bl aaeoise
In the first module, the neural network Lot - et
software model is trained using a given set of L s el Breknpriosi¥misinpeaTakITCH oS
images (Figure 2 (a)).
After training, the option of initiating the T — =]
operating mode of the program is activated L ————
in the interface form (the second module). 4 _
In the interface form of the operating mode, FEREIERECRE |
there are fields for entering the appropriate s = ‘
parameters obtained while collecting medical v
history data and making clinical examination O e £l
of a pregnant woman with CAH. After o e
filling them, the probability of developing
preeclampsia during gestation in a particular e E b

patient is evaluated (Figure 2 (b)). As a result,

there are five possible options to mark the

probability of developing preeclampsia —
from very low to very high.

The intelligent predicting system comes
complete with a user manual with a detailed

Figure 2. The on-screen form of “Neuro_Chronic — neural network
system for predicting secondary preeclampsia in pregnant women
with chronic arterial hypertension”:

(a) 15t module: training the neural network; (b) 2"¢ module: evaluating the
risk of developing preeclampsia

description of program operation procedure
developed by the authors. The system has
been tested using a database of pregnant women with
hypertensive disorders admitted to Ivanovo Research
Institute of Motherhood and Childhood named after
V.N. Gorodkov in the period from 2013 to 2017.

The computer program “Neuro_Chronic — neural
network system for predicting secondary preeclampsia in
pregnant women with chronic arterial hypertension” has
undergone state registration, certificate N0.2018612460
dated 16.02.2018.

The use of the proposed neural network system
enables practical doctors to evaluate the risk of
preeclampsia in pregnant women with CAH at the
outpatient stage based on patient medical history and
primary examination data, to develop an individual
monitoring program, take timely preventive measures
and administer additional examination.

Neural Network Technologies for Predicting Preeclampsia in Pregnancy

Conclusion

Revealing the proposed predictors of preeclampsia
in pregnant women with CAH, applying the computer
program “Neuro_Chronic — neural network system for
predicting secondary preeclampsia in pregnant women
with chronic arterial hypertension” makes it possible to
evaluate the probability of this dangerous complication
developing during gestation at the outpatient stage and
to take timely preventive measures in high-risk pregnant
women.

Study funding. This study was performed using
extra-budgetary funds.

Conflict of interests. The authors have no conflict of
interests to disclose.

CTM [ 2018 | vol. 10 [ No.4 155



CLINICAL MEDICINE

References

1. Rezul'taty  konfidentsial’nogo  audita  materinskoy
smertnosti v Rossiyskoy Federatsii v 2014 godu: metodicheskoe
pis’mo Minzdrava Rossii [The results of confidential audit
of maternal mortality in the Russian Federation in 2014:
methodology letter, the Ministry of Healthcare of the Russian
Federation]. Moscow; 2015.

2. Frolova 0O.G., Shuvalova M.P., Guseva E.V,
Ryabinkina I.N. Maternal mortality at the present stage
of development of the healthcare system. Akusherstvo i
ginekologiia 2016; 12: 121-124, https://doi.org/10.18565/
aig.2016.12.121-4.

3. Kinzhalova S.V.,, Pestryaeva L.A.,, Makarov R.A.,
Davydova N.S. Differential diagnosis of hypertensive disorders
in pregnancy. Akusherstvo i ginekologiia 2015; 11: 36—40.

4. Shahbazova N.A. Pregnancy outcomes in gestational
hypertensive disorders. Akusherstvo i ginekologiia 2015; 2:
20-26.

5. Makarov O.V.,, Tkacheva O.N., Volkova E.V.
Preeklampsiya i khronicheskaya arterial’naya gipertenziya.
Klinicheskie aspekty [Preeclampsia and chronic hypertension.
Clinical aspects]. Moscow: GEOTAR-Media; 2010.

6. Storya L., Chappellb L.C. Preterm preeclampsia: what
every neonatologist should know. Early Hum Dev 2017; 114:
26-30, https://doi.org/10.1016/j.earlhumdev.2017.09.010.

7. Dolgushina V.F,, Chulkov V.S., Vereina NK.,
Sinitsyn S.P. Assessing the relationship of clinical and genetic
factors to pregnancy complications and outcomes in women
with preeclampsia in the presence of chronic hypertension.
Rossiyskiy vestnik akushera-ginekologa 2014; 14(6): 4-8.

8. Kurochka M.P. Analysis of preeclampsia and eclampsia
risk factors in cases of maternal death. Saratovskiy nauchno-
meditsinskiy zhurnal 2013; 9(2): 230-234.

9. Suzuki S., Igarashi M. Risk factors for preeclampsia in
Japanese twin pregnancies: comparison with those in singleton
pregnancies. Arch Gynecol Obstet 2009; 280(3): 389-393,
https://doi.org/10.1007/s00404-009-0932-4.

10. Lépez-Carbajal M.J., Manriquez-Moreno M.E., Galvez-
Camargo D., Ramirez-Jiménez E. Risk factors associated to
preclampsia. Rev Med Inst Mex Seguro Soc 2012; 50(5): 471—
476.

11. Bushtyreva 1.0., Kurochka M.P., Gaida O.V. Prognostic
criteria  for preeclampsia. Rossiiskii vestnik akushera-
ginekologa 2017; 17(2): 59-63, https://doi.org/10.17116/
rosakush201717259-63.

12, Giguére Y., Charland M., Bujold E., Bernard N,
Grenier_S., Rousseau F., Lafond J., Légaré F., Forest J.C.
Combining biochemical and ultrasonographic markers in
predicting preeclampsia: a systematic review. Clin Chem 2010;
56(3): 361=375, https://doi.org/10.1373/clinchem.2009.134080.

13. Meler E., Figueras F., Bennasar M., Gomez O., Crispi F.,
Gratacos E. The prognostic role of uterine artery Doppler
investigation-in_patients with-severe early-onset preeclampsia.
Am J' Obstet Gynecol 2010; 202(6): 551-554, https://doi.
org/10.1016/j.ajog.2010.01.048.

14. Mulla-Z.D.;. ~Nuwayhid B.S.; Garcia K.M., Flood-
Shaffer K., Van Hook J.W., Hampton R.M.-Risk factors for a
prolonged length of stay in women hospitalized for preeclampsia
in Texas. Hypertens-Pregnancy 2010; 29(1). 54—68, https://doi.
0rg/10.3109/1064 19509027 77754.

15. Sidorova I.S., Nikitina N.A.-Preeclampsia-in the focus of a
practitioner’s attention. Akusherstvo-i ginekologiia 2014; 6: 4-9.

16. Volkova E.V., Lysiuk - E:lu., - Dzhokhadze - L.S,
Makarov O.V. Specific features -of ~changes —in._pro-—and

156 CTM [ 2018 [ vol. 10 [ No.4

antiangiogenic factors in pregnant women with chronic arterial
hypertension. Rossiyskiy vestnik akushera-ginekologa 2013;
13(3): 9-13.

17. Pemi U.C., Wikstrom A.K., Cnattingius S., Villamor E.
Interpregnancy change in smoking habits and risk of
preeclampsia: a population-based study. Am J Hypertens 2012;
25(3): 372-378, https://doi.org/10.1038/ajh.2011.225.

18. Lisonkova S., Joseph K.S. Left truncation bias as a
potential explanation for the protective effect of smoking on
preeclampsia. Epidemiology 2015; 26(3): 436-440, https://doi.
org/10.1097/ede.0000000000000268.

19. Karumanchi S.A., Levine R.J. How does smoking reduce
the risk of preeclampsia? Hypertension 2010; 55(5): 1100-1101,
https://doi.org/10.1161/hypertensionaha.109.148973.

20. Wikstrom A.K., Stephansson O., Cnattingius S. Tobacco
use during pregnancy and preeclampsia risk: effects of cigarette
smoking and snuff. Hypertension 2010; 55(5): 1254-1259,
https://doi.org/10.1161/hypertensionaha.109.147082.

21. Rossiev D.A. Meditsinskaya neyroinformatika.
V kn.: Neyroinformatika — 96 [Medical neuroinformatics. In:
Neuroinformatics — 96]. URL: http://www.gotai.net/documents/
doc-art-003-08.aspx.

22, Gipertenzivnye rasstroystva vo vremya beremennosti,
v rodakh i poslerodovom periode. Preeklampsiya. Eklampsiya:
klinicheskie rekomendatsii (protokol lecheniya) [Hypertensive
disorders during pregnancy, the intrapartum and postpartum
periods. Preeclampsia. Eclampsia: clinical guidelines (treatment
protocol)]. Moscow; 2016.

23. Panova |.A., Rokotyanskaya E.A., Khlipunova D.A.,
Smirnova E.V. Prediktory preeklampsii u zhenshchin s
khronicheskoy arterial’noy gipertenziey, beremennost’ kotorykh
zavershilas’ prezhdevremennymi rodami. V kn.: Aktual’nye
voprosy okhrany reproduktivnogo zdorovlya sem’i v svete
“Kontseptsii demograficheskoy politiki na period do 2025 goda”
[Predictors of preeclampsia in women with chronic hypertension
whose pregnancy ended in preterm delivery. In: Topical issues
of reproductive healthcare and family planning in light of “The
concept of demographic policy for the period up to 2025”.
Pod red. Malyshkinoy A.l. [Malyshkina A.l. (editor)]. Ivanovo:
Izdatel'stvo MIK; 2014; p. 69-72.

24. Panova |.A., Malyshkina A.l, Rokotianskaia E.A.,
Smirmova E.V. Risk factors for addition of preeclampsia in
women with chronic hypertension. Rossiyskiy vestnik akushera-
ginekologa 2014; 14(6): 37-42.

25. Posiseeva L.V,, Talaev A.M., Panova |.A., Talaeva E.M.
Rheorenographic criteria for the prediction of gestosis in
pregnant women with chronic pyelonephritis. Rossiyskiy vestnik
akushera-ginekologa 2004; 4(4): 4-5.

26. Fetisova |N., Panova |.A.,, Rokotyanskaya E.A.,
Ratnikova S.Yu., Smirnova E.V., Fetisov N.S. The genetic
factors which exert influence on preeclampsia development.
Vestnik Ivanovskoy meditsinskoy akademii 2015; 20(3): 13—16.

27. Yasinsky I.F. On the information compression by means
of the neural network funnel. [zvestiya vysshikh uchebnykh
zavedeniy. Tekhnologiya teksti'noy promyshlennosti 2012;
5(341): 154-159.

28. Yasinskiy I.F. Synthetic algorithm of optimization and
adjustment of neural networks. lzvestiya vysshikh uchebnykh
zavedeniy. Tekhnologiya teksti’noy promyshlennosti 2007;
3(298): 119-123.

29. Golovko V.A. Neyrokompyutery i ikh primenenie.
Neyronnye seti. Kniga 4. Obuchenie, organizatsiya i primenenie
[Neurocomputers and their application. Book 4. Neural networks:
training,-organization and application]. Moscow: IPRZhR; 2001;
256 p.

L.A. Panova, E.A. Rokotyanskaya, LF. Yasinskiy, A.I. Malyshkina, S.B. Nazarov, V.V. Pareyshvili, LK. Bogatova



