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Abstract

Introduction: One of the major obstetrical complications, affecting 2%-8% of all pregnancies, is preeclampsia. To predict the onset of
preeclampsia, several methods have recently been put forth. The Fetal Medicine Foundation has developed combined screening that
can identify the vast majority of women who will develop preeclampsia using a combination of maternal factors, obstetrical history,
biochemical, and biophysical factors.

Aim: The objective of the present study was to identify and analyze which classical risk factors may be independent predictors of pre-
eclampsia, and assess their impact on this complication. In order to assess the high risk of preeclampsia, we also suggest further predic-
tors that may optimize the risk constellation.

Materials and methods: The study included 1511 pregnant women who were examined during their routine checkups in a two-phase
retrospective study that took place from January 30, 2018, to August 31, 2020, in the Outpatient Department of the University Hospital
in Plovdiv. All primary data were obtained from their archived medical records. Information about the maternal factors, the patients’
medical and obstetric histories, and status was obtained during the first phase of the study (11th gestation week + 0 days — 13th gestation
week + 6 days). The second phase was conducted as a telephone interview (up to six months after the birth of the child): we collected
data on the mode of birth, weight of the newborn, PE occurrence, at which gestation week the PE onset occurred, presence of gestational
hypertension (GH) and diabetes, intrauterine growth retardation (IUGR), whether patients took aspirin and in what dosage, other com-
plications, etc. The patients were divided into two groups: a high-risk group (with a risk for PE higher than 1:150), and a low-risk group,
with or without onset of [IUGR, GH, diabetes, etc.

Results: The mean age of the analyzed 1511 pregnant women was 29.91+5.32 years (range 18 — 46 years). Of these, 38 (2.9%) women
developed preeclampsia, and 5.9% had gestational hypertension. The classification of participants by risk of developing preeclampsia
showed that 591 (39.1%) of the examined patients were reported as high-risk. All patients at risk higher than 1:150 were classified as
high-risk, and it was recommended that they should take aspirin 150 mg every night from 12th to 36th week of gestation. 80.6% of the
high-risk group took the medication regularly.

Comparing the beta coefficients for the parameters we studied (beta coefficient indicates the predictors’ impact on PE), we established
that the risk factors that are the most significant and apparently independent in predicting preeclampsia were (in ascending order):
1. Weight of newborn, $=0.157; 2. Mean arterial blood pressure (MAP), p=0.150; 3. IUGR, p=0.120; 4. Pregnancy associated plasma
protein-A (PAPP-A), $=0.112; 5. Cervix length, $=0.095

Conclusions: In the analysis of the four multiple regression models, adequately describing the role (and independence) of the PE pre-
dictors - common to all pregnant women; in cases of early midterm and term PE: placental growth factor (PIGF), PAPP-A, MAP, mean
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Ut PJ, cervical length, newborn weight, and IUGR. As common for all cases with PE, and depending on whether the PE onset was <32,

<4, or <36 week of gestation, the following conclusions can be made: independent predictors of PE in all studied pregnant women were

(indicators are ranked according to their degree of impact on the occurrence of PE): 1. MAP; 2. Intrauterine growth retardation (new-

born weight is an indirect indicator of probable IUGR); 3. Pregnancy-associated protein-A; 4. Cervix length (with the corresponding
standardized coefficients being $=0.150; f=0.120; p=0.112; =0.095, respectively).
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INTRODUCTION

Screening for preeclampsia (PE) aims mainly to minimize
the adverse perinatal complications for those pregnant
women who develop PE, by determining the appropriate
time for effective prevention!!! and/or mode of delivery!?.
This goal could be achieved by effectively determining the
level of risk in the second and/or third trimester of preg-
nancy.!

It has been confirmed many times that the screening
for PE in pregnancy done between 11th and 13th week of
gestation according to the algorithm recommended by the
Fetal Medicine Foundation (FMF), using a combination of
maternal factors, MAP, UtA-PI, and PIGF, is significant-
ly better than the methods recommended by NICE and
ACOG.!43

The FMF algorithm used to predict early PE in the
first trimester can successfully identify a large number of
women who will develop the disease. The identification of
potential predictors, including cardiovascular, immuno-
logical or inflammatory biomarkers, and the use of sys-
tems biology approach to improve the overall effectiveness
of the screening for early PE is at the heart of a number of
studies.[>1?] But the first-trimester prediction algorithm is
ineffective for late PE screening, which raises the hypothe-
sis that the late PE has different pathophysiology than the
early PE.I1%]

The traditional approach to screening proposed by the
NICE or ACOG guidelines, which are based on the mater-
nal risk factors, has limited predictive efficiency and can
no longer be considered sufficiently optimal to predict PE.
Such guidelines need to be updated to reflect the latest sci-
entific evidence that the goal of screening should be prema-
ture PE, and the best way to identify a high-risk group is the
method based on Bayes’ theorem that combines maternal
factors and biomarkers.!'4]

AIM

To analyze which risk factors may be independent predic-
tors of preeclampsia and assess their impact on the com-
plication.

MATERIALS AND METHODS

In a two-phase retrospective study conducted from January
30, 2018, to August 31, 2020 at the Outpatient Department
of University Hospital in Plovdiv, 1511 pregnant women
were examined during their regular examinations. The pri-
mary data were obtained from the patients’ archived medi-
cal records. During the first phase (the 11th gestation week
+ 0 days - the 13th gestation week + 6 days), we collected
information about the maternal factors, the patients’ med-
ical and obstetric histories, and their status. The second
phase was performed as telephone interview (conducted
up to six months after the birth of the child) collecting data
about the mode of birth, weight of the newborn, PE occur-
rence, at which gestational week (GW) the PE onset was,
presence of gestational hypertension (GH) and diabetes,
fetal growth restriction (FGR), whether aspirin was taken
by the patients and in what dosage, other complications,
etc. All patients were screened for PE using the FMF algo-
rithm. The patients were divided into two groups according
to the preterm PE (before 37 weeks of gestation): high-risk
group (combined risk for PE higher than 1:150), and low-
risk group (combined risk for PE lower than 1:150).

Inclusion criteria

The study should be conducted between GW 11 + 0 days,
up to GW 13 + 6 days of pregnancy or fetal size from
45 mm to 84 mm; viable fetus; singleton pregnancy; the
woman must be 18 years of age or over; without serious
mental and physical illnesses.

Exclusion criteria

Women younger than 18 years of age; multiple pregnancy;
structural abnormalities of the fetus; abortion/miscarriage;
ulcer and gastritis; coagulation disorders; aspirin intoler-
ance; termination of pregnancy; stillbirth.

The monitoring characteristics were mainly divided into
2 groups.

Factorial characteristics: age, education, concomitant
diseases, smoking, parity, interval between two pregnan-
cies, previous PE, BMI, IVE, etc. The arithmetic mean of the
pulsatility indices of the uterine arteries (mean UtPI), mean
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arterial pressure (MAP), biochemical markers of the moth-
er - angiogenic placental factors involved in trophoblast
invasion and placental growth and development: preg-
nancy associated plasma protein-A (PAPP-A); placental
growth factor (PLGEF), etc.

Resultative characteristics: PE occurrence and at which
week of gestation the onset was, the ability to predict early
(before 34 weeks of gestation), preterm (before 37 weeks
of gestation) and late (at 37 and later weeks), PE and the
premature birth. Assessment of the predictive role of ad-
ditional risk factors. Analysis of which predictors remain
independent and what their individual contribution is both
to the occurrence of PE (at each phase) and to FGR.

Research methods

o Documentary method: the medical files were ob-
tained from the outpatient register, after obstetric
and gynecological examinations, anamnestic data,
biochemical and biophysical indicators, telephone
interview, etc.

o Clinical method - anthropometric methods: height,
weight, BMI, etc.

o Laboratory methods: the tests were performed on a
specialized automated biochemical analyzer by im-
munofluorescence Perkin ELmer DELFIA Xpress.
The following were studied: pregnancy associated
plasma protein-A (PAPP-A); and placental growth
factor (PLGF).

« Ultrasound methods:

- Transabdominal ultrasound of UtPI - with a high-
end device from the GE group (Voluson E6) by
abdominal ultrasound with 4-6 MHz transducer.
The uterine arteries are revealed by: sagittal image
of the cervix; Doppler color flow mapping; Moving
the transducer from side to side parallel to the cer-
vix; The arteries are at the level of the inner axis of
the cervical canal; insonation window 2 mm wide
to cover the entire container; insonation angle: less
than 30° Maximum systolic velocity: more than
60 cm/sec; mean pulsatility index: mean PI (left +
right / 2) - cut-off 1.5.

<

= No PE/PIH

Figure 1. Hypertensive disorders.

- Transvaginal ultrasound of UtPI - transvaginal
access with 5-7 MHz probe in cases with techni-
cal impossibility to perform the transabdominal
method (overweight, uterine fibroids, etc.). The
same orientation and evaluation criteria apply
as in the transabdominal examination but with a
higher threshold of the mean pulsatility index of
the uterine arteries (mPI-UA).

« Mean arterial pressure (MAP) — according to the pro-
tocol of the Australian CVD Association - with auto-
matic devices 3BTO-A2, Microlife.

o Cervical length was measured transvaginally during
the anomaly scan at 19-23 weeks.

« The risk calculation software used was FetView with
calculator provided by Fetal Medicine Foundation.

« The diagnostic criteria for PE diagnosis are based on
the ISSHP criteria for PE.

Statistical analysis

The data were analyzed using the SPSS v. 21 and are sig-
nificant at the level of significance a=0.05. The following
statistical analyses were performed: descriptive analysis;
x? (chi-squared test); Student’s t-test; analysis of variance
(one-way ANOVA), using last significant difference (LSD),
or Dunnetts T3 for multiple intergroup comparisons; cor-
relation analysis; and graphical analysis.

RESULTS

The study analyzed 1511 pregnant women with mean age
of 29.9145.32 years (range 18-46 years). The women who
developed preeclampsia were 38 (2.9%) from the entire
sample, and those with gestational hypertension were 5.9%
(Fig. 1). The method of conception in the studied group
was distributed as follows: 95.6% had spontaneous preg-
nancy, and 4.4% had assisted conception. Thrombophilia
was diagnosed in 39 (3.7%) of the pregnant women. Ges-
tational diabetes was developed by 4% of the subjects, and
chronic hypertension was reported in 1.7%. According to
the method of delivery, the distribution of the subjects was

3%

6%

L] PIH PE
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as follows: the pregnancy of 37.6% ended with vaginal de-
livery, and 62.4% had Cesarean section.

The classification of participants according to their risk
of preeclampsia showed that 591 (39.1%) of the examined
patients were reported as high-risk. All patients had a
screening for PE using the FMF algorithm and those with
posterior risk more than 1:150 were classified as high-risk,
and the recommendation for them was to receive 150 mg of
aspirin every night from 12 to 36 weeks of gestation (Fig. 2).
80.6% of the high-risk group took the medication regularly.

= No
Irregular

28

Regular

No data

1

Figure 2. Patients receiving aspirin.

Fetal growth restriction (FGR) was reported in 85 (6.5%)
participants. The cases in which there were both FGR and
premature birth were 30, which is 2.3% of the total sample.

The focus of the research was to analyze which candi-
date predictors for PE are independent and to assess their
impact when considering their combined effect through
regression analysis.

Table 1 shows the factors that remained independent for
the prediction of preeclampsia (common to all pregnant

Independent Predictors of Preeclampsia

women with PE, regardless of the week of onset), consider-
ing their combined effect on this complication. The regres-
sion equation (adequately describing the interaction model
- F=10.757, p=0.000) includes: pregnancy-associated pro-
tein A, mean arterial pressure, mean Ut PI, cervical length,
weight of the newborn (an indirect indicator of the presence
of FGR with a high probability). The regression models in-
clude indicators in which a significant correlation with PE
has been previously established. Five indicators remained
independent predictors, after multiple regression analysis
for PE: PAPP-A, p=0.010, MAP, p=0.001, cervical length,
p=0.026, the newborn weight, p=0.002, and FGR, p=0.017.

The comparison of the values for the standardized beta
coeflicients (indicating the predictors impact on PE) for the
studied indicators shows that the most significant and ap-
parent risk factors for PE are: 1. Newborn weight, $=0.157,
followed by: 2. MAP, p=0.150; 3. FGR, p=0.120; 4. PAPP-A,
$=0.112; 5. Cervix length, f=0.095 (Table 1).

Tables 2 and 3 present the regression models of the
combined factor impact in the cases of PE onset up to 37
and 34 weeks of gestation. Despite the high probability of
type II errors, due to the limited number of studied pa-
tients, the same indicators that are cited in the analysis
for all cases of PE (described in Table 1) turned out to
be independent predictors in cases of PE occurring up to
37 weeks (Table 2). In this adequate multiple regression
analysis (F=11.087, p=0,000), once again (also applies to
the top three predictors of PE) the strongest impact was
registered for: 1. Newborn weight with standardized coef-
ficient $=0.156, followed by 2. FGR, p=0.137, and 3. MAP,
$=0.136. FGR was the second most influential predictor,
ahead of the negative effect of elevated MAP. The first two
indicators were associated with data on fetal retardation.

Table 1. Independent risk factors (predictors) for preeclampsia and their impact taking into account their combined effect

tandard-
Unstandardized S andar 95.0% Confidence
. ized coef-
Model coeflicients A Interval for B
ficients t P
Lower Upper
B Std. E
rror Bound Bound
1 (Constant) -0.203 0.144 -1.409 0.160 -0.486 0.080
Placental growth factor - _, ¢ 0.019 0.062 1.407 0.160 0.063 0.010
PIGF MoM ’ ’ ' ’ ’ ’ ’
P - iated
regnanicy-associate ~0.037 0.014 ~0.112 ~2.598 0.010 ~0.065 ~0.009
plasma protein A MoM
Mean arterial pressure 0.004 0.001 0.150 3.488 0.001 0.002 0.006
Arithmetic mean of the
pulsation index of uterine  0.029 0.018 0.071 1.594 0.112 -0.007 0.065
arteries (Mean Ut PI))
Cervix length (mm) 0.004 0.002 0.095 2.231 0.026 0.000 0.007
RRR Newborn weight -6.281E-5  0.000 -0.157 -3.067 0.002 0.000 0.000
Fetal growth restriction 0.096 0.040 0.120 2.385 0.017 0.017 0.175

a. Dependent variable: Preeclampsia
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Table 2. Independent risk factors (predictors) for preeclampsia and their impact taking into account their combined effect (PE onset

<37 weeks)
Standard-
Unstandardized coef- . andar 95% Confidence inter-
R ized coef-
Model ficients A val for B
ficients t P
Lower Upper
B Std. E
rror bound bound
1 (Constant) -0.179 0.138 -1.301 0.194 —0.449 0.091
Placental growth factor - _, 0.018 0.048 1.106 0.269 0.055 0.015
PIGF MoM ’ ’ ’ ’ ’ ’ ’
Pregnancy-associated
. -0.037 0.014 -0.118 -2.749 0.006 -0.064 -0.011
plasma protein A MoM
Mean arterial pressure 0.003 0.001 0.136 3.159 0.002 0.001 0.005
Arithmetic mean of the
pulsation index of uterine  0.029 0.017 0.076 1.693 0.091 -0.005 0.064
arteries (Mean Ut PI))
Cervix length (mm) 0.003 0.002 0.098 2.300 0.022 0.001 0.006
RRR Newborn weight —5.948E-5 0.000 -0.156 -3.047 0.002 0.000 0.000
Fetal growth restriction 0.104 0.038 0.137 2.722 0.007 0.029 0.179

a. Dependent variable: Preeclampsia <37 weeks of gestation

Table 3. Independent risk factors (predictors) for preeclampsia and their impact taking into account their combined effect (PE onset

<34 weeks)
Standard-
Unstandardized Coef- . andar 95% Confidence inter-
R ized Coef-
Model ficients R val for B
ficients t P
Lower Upper
B .E
Std. Error  § Bound Bound
1 (Constant) -0.207 0.127 -1.635 0.103 —-0.456 0.042
Placental growth factor -
-0.01 .01 —-0.042 -0.971 332 -0.04 .01
PIGE MoM 0.016 0.016 0.0 0.97 0.33 0.048 0.016
P - iated
regnancy-associate ~0.032 0.013 ~0.109 ~2.550 0.011 ~0.056 ~0.007
plasma protein A MoM
Mean arterial pressure 0.003 0.001 0.135 3.146 0.002 0.001 0.005
Arithmetic mean of the
pulsation index of uterine  0.035 0.016 0.098 2.189 0.029 0.004 0.067
arteries (Mean Ut PI))
Cervix length (mm) 0.003 0.001 0.088 2.087 0.037 0.000 0.006
RRR Newborn weight -4.582E-5  0.000 -0.131 -2.543 0.011 0.000 0.000
Fetal growth restriction ~ 0.124 0.035 0.178 3.523 0.000 0.055 0.193

a. Dependent variable: Preeclampsia <34 week of gestation

Table 3 shows the predictors of PE in their combined
impact in pregnant women with onset of PE up to 34 weeks
(F=11.607, p=0.000). The same independent predictors
for PE (also for the top three) were confirmed also here:
PAPP-A, MAP, mean Ut PI, cervical length, newborn
weight, and FGR. The ranking of the risk factors, in this
case according to their ability to predict PE with the most
significant impact, was: 1. FGR, f=0.178, followed by 2.
MAP, B=0.135; 3. Newborn weight, f=0.131; 4. PAPP-A,

$=0.109; 5. Mean Ut PI, =0.098; and 6. The length of the
cervix, $=0.088.

DISCUSSION

In recent years, a number of studies have found (mainly
as a consequence of the moving of the Down syndrome
screening from the second to the first trimester) that four
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potentially useful indicators for PE screening can be added
and these are the arterial pressure measurements, pulsatil-
ity index of the uterine arteries and quantification of the
levels of two placental proteins (PAPP-A and PIGF) in the
mother’s blood.">) A new mathematical model was recog-
nized as optimal (Bayes theorem - a formula calculating
the probability of an event using the information already
known about it), which combines information from the
maternal factors, obstetric and medical history, PI of the
uterine artery, mean arterial pressure (MAP) and serum
PAPP-A and PIGE, during the 11th to the 13th week of ges-
tation. This model actually identifies a significant number
of women who are at high risk for early PE.[1>17]

It was found that compromised placental perfusion, in-
dicated by increased PI of the uterine artery, is associated
with the development of PE and indicates that the pathoeti-
ology is based on impaired placentation. This hypothesis is
supported by the results of previous Doppler examinations
done in the first and second trimesters, as well as histologi-
cal examinations of the maternal spiral arteries in the uter-
ine wall.[18-20]

The arithmetic mean PI of the uterine artery is higher
during 11 to 13 gestational weeks in the participants who
subsequently develop PE and there is a significant negative
linear correlation between the arithmetic mean PI of the
uterine artery and the gestational age at birth.[1°!

Decreased levels of PIGF and PAPP-A have been found
to be predictors of PE, although some authors believe that
low levels of PAPP-A do not contribute to the prediction
model for PE.[2!

According to some researchers, the value of PAPP-A
<5 centile (0.4 MoM) is present in only 8-23% of women
with PE, and they believe that this indicator is not an accu-
rate predictor as a stand-alone test for PE.[?225] Our data,
however, do not support this view and it is undeservedly
underestimated in the risk constellation for PE. According
to current data in the multiple logistic regression analy-
sis in Tables 1, 2 and 3, this biochemical indicator always
demonstrates a significant and independent impact on PE.

A number of authors report that in the first and second
trimesters of pregnancy, decreased serum concentrations
of PIGF and PAPP-A precede the clinical manifestation of
PE[?6-30], which was also confirmed by our results.

Some authors believe that the inclusion of serum
PAPP-A in the predictive model for PE risk assessment
does not improve the prediction of PE provided by mater-
nal factors and PIGF and by maternal factors - MAP and
UtA-PI, or maternal factors MAP, UtA- PI, and PIGF It is
important to note that according to our results for the low
serum level of PAPP-A, this finding was not confirmed, and
in all 3 multiple regression models it always shows an inde-
pendent negative effect on PE (Tables 1-3).

According to Zumaeta et al.’!, the inclusion of serum
PIGF significantly improves the prediction of early PE, the
effectiveness of MAP, UtA-PI and PIGF screening is bet-
ter than that of MAP, UtA-PI and PAPP-A screening, as in
both the whole study group and in the subgroups of women

Independent Predictors of Preeclampsia

of different races.[®!! It should be noted that in our study,
PIGF did not demonstrate an independent impact on PE
in all of the three regression models describing the predic-
tive ability of biophysical and biochemical and maternal
indicators (Table 1). The main conclusions from the study
by Zumaeta et al.3! are that the first trimester screening
of maternal PE, MAP, UtA-PI, and PIGF is better than the
maternal screening of MAP, UtA-PI and PAPP-AB!, which
contradicts our results.

When analyzing the cases with PE onset <34 weeks and
<37 weeks (Tables 2, 3), in addition to the listed five inde-
pendent predictors, which are found in all cases with PE
(Table 1), the arithmetic mean of the pulsatility index of
the two uterine arteries (mean Ut PI) was also found to be
such independent factor (its significance for the occurrence
of PE is at 90% reliability of the results). In these analyses,
there are six independent predictors in pregnant women
with PE onset <34 weeks and <37 weeks, as the strongest
predictor in this case remains the FGR, $=0.178, followed
by MAP, $=0.135, and the newborn weight, p=0.131 (this
indicator in this case is used for indirect confirmation of
FGR). Regardless of the PE onset, the first three indepen-
dent predictors of PE always remain in the top three: FGR,
low birth weight, and high MAP. Since the PE risk assess-
ment is done in 11 - 13 weeks of gestation, here the new-
born weight cannot be analyzed, but it must be considered
whether there are available data on FGR.

The main limitation of the existing PE risk prediction
models is that only a limited number of them have passed
external validation.’2-**) Models developed through the
logistic regression approach tend to rearrange, which may
overestimate the effectiveness of screening and models may
not perform well with additional data that were not origi-
nally included in the analysis.*"

In our study, the patients at high risk were advised to
receive low-dose aspirin from 12 to 36 weeks and 80.6% of
them complied with this recommendation. Finally, the num-
ber of patients who developed PE was 23 before 34 weeks and
30 before 37 weeks of gestation. The limitation of the study is
the low number of patients who developed PE and that most
of them had prevention therapy with low-dose aspirin.

CONCLUSIONS

In the analysis of the three multiple regression models of
the PE predictors - common to all pregnant women; in cas-
es of early, preterm, and term PE are: placental growth fac-
tor, PAPP-A, MAP, mean Ut PI, cervical length, newborn
weight, and FGR. As common for all cases with PE, and
depending on whether the PE onset is <34 or <37 weeks of
gestation, the independent predictors of PE in all studied
pregnant women are: MAP, fetal growth restriction, preg-
nancy-associated protein-A, and cervix length.

In conclusion, it can be summarized that further analy-
sis of the contribution of biophysical and biochemical indi-
cators is needed to assess the risk of PE.

Folia Medica | 2023 | Vol. 65| No. 3

389



B. Stoilov et al.

Acknowledgements

The authors have no support to report.

Funding

The authors have no funding to report.

Competing Interests

The authors have declared that no competing interests exist.

REFERENCES

10.

11.

Costantine MM, Cleary K, Hebert ME, et al. Safety and pharmaco-
kinetics of pravastatin used for the prevention of pre-eclampsia in
high-risk pregnant women: a pilot randomized controlled trial. Am
J Obstet Gynecol 2016; 214:720.e1-17.

Koopmans CM, Bijlenga D, Groen H, et al. Induction of labour ver-
sus expectant monitoring for gestational hypertension or mild pre-
eclampsia after 36 weeks’ gestation (HYPITAT): a multicentre, open-
label randomised controlled trial. Lancet 2009; 374(9694):979-88.
Litwinska M, Wright D, Efeturk T, et al. Proposed clinical manage-
ment of pregnancies after combined screening for pre-eclampsia at
30-34 weeks’ gestation. Ultrasound Obstet Gynecol 2017; 50:367-72.
O’Gorman N, Wright D, Poon LC, et al. Accuracy of competing-risks
model in screening for preeclampsia by maternal factors and bio-
markers at 11-13 weeks’ gestation. Ultrasound Obstet Gynecol 2017;
49:751-5.

O’'Gorman N, Wright D, Poon LC, et al. Multicenter screening for
pre-eclampsia by maternal factors and biomarkers at 11-13 weeks’
gestation: comparison with NICE guidelines and ACOG recommen-
dations. Ultrasound Obstet Gynecol 2017; 49:756-60.

Junus K, Wikstrom AK, Larsson A, et al. Early second-trimester
plasma levels of NT-proBNP in women who subsequently devel-
op early-onset preeclampsia. ] Matern Fetal Neonatal Med 2017;
30(18):2163-5.

Chen H, Zhang ], Qin E et al. Evaluation of the predictive value of
high sensitivity C-reactive protein in pregnancy-induced hyperten-
sion syndrome. Exp Ther Med 2018; 16:619-22.

Sarween N, Drayson MT, Hodson J, et al. Humoral immunity in late-
onset pre-eclampsia and linkage with angiogenic and inflammatory
markers. Am ] Reprod Immunol 2018; 80:e13041.

Tanz L], Stuart JJ, Missmer SA, et al. Cardiovascular biomarkers in the
years following pregnancies complicated by hypertensive disorders or
delivered preterm. Pregnancy Hypertens 2018; 13:14-21.

Di Pasquo E, Ghi T, Dall'Asta A, et al. Maternal cardiac parameters
can help in differentiating the clinical profile of preeclampsia and in
predicting progression from mild to severe forms. Am ] Obstet Gyne-
col 2019; 221:633.e1-633.€9.

Barton JR, Woelkers DA, Newman RB, et al. Placental growth factor
predicts time to delivery in women with signs or symptoms of early
preterm preeclampsia: a prospective multicenter study. Am J Obstet
Gynecol 2020; 222:259.e1-259.e11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Lip SV, Boekschoten MV, Hooiveld GJ, et al. Early-onset preeclamp-
sia, plasma microRNAs, and endothelial cell function. Am J Obstet
Gynecol 2020; 222: 497.e1-497.e12.

Raymond D, Peterson E. A critical review of early-onset and late-on-
set preeclampsia. Obstet Gynecol Surv 2011; 66:497-506.
Chaemsaithong P, Ting YH, Cheng KY, et al. Uterine artery pulsatil-
ity index in the first trimester: assessment of intersonographer and
intersampling site measurement differences. ] Matern Fetal Neonatal
Med 2018; 31:2276-83.

O’Gorman N, Wright D, Syngelaki A, et al. Competing risks model in
screening for preeclampsia by maternal factors and biomarkers at 11-
13 weeks gestation. Am ] Obstet Gynecol 2016; 214(1):103-el.
Akolekar R, Syngelaki A, Poon L, et al. Competing risks model in
early screening for preeclampsia by biophysical and biochemical
markers. Fetal Diagn Ther 2013; 33:8-15.

Wright D, Syngelaki A, Akolekar R, et al. Competing risks model in
screening for preeclampsia by maternal characteristics and medical
history. Am J Obstet Gynecol 2015; 213:62.e1-10.

Papageorghiou AT, Yu CK, Cicero S, et al. Second-trimester uterine
artery Doppler screening in unselected populations: a review. ] Ma-
tern Fetal Neonatal Med 2002; 12:78-88.

Plasencia W, Maiz N, Bonino S, et al. Uterine artery Doppler at 11 + 0
to 13 + 6 weeks in the prediction of pre-eclampsia. Ultrasound Obstet
Gynecol 2007; 30:742-49.

Olofsson P, Laurini RN, Marsal K. A high uterine artery pulsatility
index reflects a defective development of placental bed spiral arteries
in pregnancies complicated by hypertension and fetal growth retarda-
tion. Eur ] Obstet Gynecol Reprod Biol 1993; 49:161-8.

Copel J, Platt L, Hobbins J, et al. Memorial foundation risk assess-
ment for early-onset preeclampsia in the United States: think tank
summary. Obstet Gynecol 2020; 135(Suppl. 1):36-45.

Yaron Y, Heifetz S, Ochshorn Y, et al. Decreased first trimester PAPP-
A is a predictor of adverse pregnancy outcome. Prenat Diagn 2002;
22:778-82.

Smith GCS, Stenhouse EJ, Crossley JA, et al. Early pregnancy levels
of pregnancy associated plasma protein A and the risk of intrauter-
ine growth restriction, premature birth, preeclampsia and stillbirth. J
Clin Endocrinol Metab 2002; 87:1762-7.

Dugoff L, Hobbins JC, Malone FD. First trimester maternal serum
PAPP-A and free beta subunit human chorionic gonadotropin con-
centrations and nuchal translucency are associated with obstetric
complications: a population based screening study (The FASTER
Trial). Am ] Obstet Gynecol 2004; 191:1446-51.

Spencer K, Yu CKH, Cowans NJ, et al. Prediction of pregnancy com-
plications by first trimester maternal serum PAPP-A and free f-hCG
and with second trimester uterine artery Doppler. Prenat Diagn 2005;
25:949-53.

Tidwell SC, Ho HN, Chiu WH, et al. Low maternal serum levels of
placenta growth factor as an antecedent of clinical preeclampsia. Am
J Obstet Gynecol 2001; 184:1267-72.

Krauss T, Pauer HU, Augustin HG. Prospective analysis of placenta
growth factor (PIGF) concentrations in the plasma of women with
normal pregnancy and pregnancies complicated by preeclampsia.
Hypertens Pregnancy 2004; 23:101-11.

Crispi F, Llurba, E, Dominguez, C, et al. Predictive value of angio-
genic factors and uterine artery Doppler for early- versus late-onset
pre-eclampsia and intrauterine growth restriction. Ultrasound Obstet
Gynecol 2008; 31:303-9.

390

Folia Medica | 2023 | Vol. 65 | No. 3



Independent Predictors of Preeclampsia

29. Erez O, Romero R, Espinoza J, et al. The change in concentrations of 32. De Kat AC, Hirst J, Woodward M, et al. Prediction models for pre-

angiogenic and anti-angiogenic factors in maternal plasma between eclampsia: a systematic review. Pregnancy Hypertens 2019; 16:48-66.
the first and second trimesters in risk assessment for the subsequent ~ 33. Brunelli VB, Prefumo E Quality of first trimester risk prediction
development of preeclampsia and small-for-gestational age. ] Matern models for pre-eclampsia: a systematic review. BJOG: Int J Obstet
Fetal Neonatal Med 2008; 21(5):279-87. Gynaecol 2015; 122(7):904-14.

30. Akolekar R, Zaragoza E, Poon LC, et al. Maternal serum placental 34. Kleinrouweler CE, Cheong-See FM, Collins GS, et al. Prognostic
growth factor at 11+ 0 to 13+ 6 weeks of gestation in the prediction of models in obstetrics: available, but far from applicable. Am ] Obstet
pre-eclampsia. Ultrasound Obstet Gynecol 2008; 32(6):732-9. Gynecol 2016; 214(1):79-90.

31. Zumaeta M, Wright A, Syngelaki A, et al. Screening for pre-eclampsia ~ 35. LeFevre ML, US Preventive Services Task Force. Low-dose aspirin use
at 11-13 weeks gestation: use of pregnancy-associated plasma pro- for the prevention of morbidity and mortality from preeclampsia: US
tein-A, placental growth factor or both. Ultrasound Obstet Gynecol Preventive Services Task Force recommendation statement. Ann In-
2020; 56(Suppl. 3):400-7. tern Med 2014; 161(11):819-26.

HesaBucumMble NpeanKTOpbI Npe3akKamncun
N X B/IUSTHNE Ha OCJIO)KHEHUSA B UCC/le0BaTe/IbCKOW
rpynne 6epemMeHHbIX XXeHWuH n3 bonrapun

Bopuc Crounos!, [Tonuna 3axapuesa-Jlunkosa?, Jlunmu Crounosa’, Ekarepuna Yankosa?,

Emmmusa Kapacmasosa?

! Kagpedpa axywepcmsa u zunexonozuu, Paxynomem meduyurv, Meduyurckuii ynusepcumem — I[nosdus; Inosedus, Bonzapus
2 Knunuka axywepcmea u zunexonozuu, YMBAJI ,Cs. Teopeu’; IInosdus, boneapus
3 Kagpedpa dapmaroenosuu u dapmayesmuueckoil xumuu, Paxynomem dapmavuu, Meduyurckuil ynusepcumem — [Inosdus, Inosous, Boneapus

4 Buomeduyunckue ananusvi 00O, IInosdus, Bonzapus

Appec ansa koppecnoHaeHuumn: bopuc Crounos, Kadenpa akyurepcrsa u runexonornu, GakynbreT MeANLMHbL, MeAnIMHCKNI yHuBepcuTeT — [1710B-

nus; [Tnospus, bonrapus; E-mail: dr.borisstoilov@gmail.com; Tem.: +359 878 556 535

Jara nonyyeHus: 3 mas 2022 ¢ flata npuemku: 12 uiomnst 2022 ¢ lata ny6nukaumu: 30 uons 2023

O6pasel uuTUPoBaHus: Stoilov B, Zaharieva-Dinkova P, Stoilova L, Uchikova E, Karaslavova E. Independent predictors of preeclampsia
and their impact on the complication in Bulgarian study group of pregnant women. Folia Med (Plovdiv) 2023;65(3):384-392. doi:
10.3897/folmed.65.686087.

Pe3lome

BBefieHne: OgHuM 13 OCHOBHBIX aKYLIEPCKUX OCTIOKHEHMIL, 0T 2% 1o 8% Bcex GepeMeHHOCTe, AB/sAeTCA Npesknamicus. HenasHo
6BI/I0 TIPEITIOKEHO HeCKONIbKO METOJ0B [/ IIPOTHO3MPOBAHNA Havyala IpesknaMicyy. QoHy MemyIHEI IIofa pa3paboTan KoMom-
HYPOBaHHBII CKPVHUHI, KOTOPBI/I MO>KET BBIABUTH IIOAABIIAOIIee OOMBUIMHCTBO XKEHIIVH, Y KOTOPBIX Pa3OBLETCS IPEIKIAMIICHS,
UCIIONB3YsI KOMOMHALIMIO MaTEPUHCKIUX (aKTOPOB, aKyIIEPCKOro aHaMHe3a, 6MI0XMMIYeCKUX 1 61opusndecknx GpakTopos.

Lenb: Lenpio HaCTOSIIETO MCCIEHOBAHMs OBIIO BBLIBUTD U IPOAHATM3UPOBATD, KaKie KIacCHuIecKie paKkTopbl pyCKa MOTYT ObITb
He3aBMCUMBIMY IIPENUKTOPAMI [IPeIKIAMIICUY, U OLIeHUTD VX BIMAHME Ha 9TO OCTOKHeHMe. YTOObI OLieHNTb BBICOKMIT PUCK IIpea-
K/IaMIICUM, MbI TaK>Ke IIPe/i/IaraeM IOIIO/IHUTE/IbHbIE IIPEJUKTOPbI, KOTOPbIe MOTYT OIITUMU3UPOBATH COBOKYITHOCTD PUCKOB.

Marepuanbl n metofbl: B nccnenosanye 6pUm1 BKIIOYEHE! 1511 6epeMeHHbIX XEeHIIH, KOTOpble ObIIM 006C/Ie0BaHbI BO BpeMs Ia-
HOBBIX OCMOTPOB B PaMKaX JIByX3TaIlHOTO PETPOCIEKTMBHOIO UCCIEf0BaHNsA, KoTopoe npoxoauno ¢ 30 auBaps 2018 r. mo 31 aBrycra
2020 r. B aMOy/IaTOPHOM OT/e/IeHNY YHUBEPCUTETCKOI 60MbHNUIIEL B I10BAMBe. Bee mepBuyHbIe JaHHBIE OBLIV HOTyYeHBI 13 X apXVB-
HBIX MeIMUMHCKMX KapT. VIHpopMaIysa o MaTepuHCKMX GaKTOpax, MCTOpuy 60/Ie3HN, aKyIIepCKOM aHaMHe3e I CTaTyce MalieHTOK
6bI1a TIONTy4YeHa Ha IIepBOM ararie ucciaegoBanus (11-s Hemerna rectanym + 0 gHeit — 13-51 Hemers rectaumu + 6 mHeit). Bropoit aTan
npoBouIcs B GopMe TeepOHHOTO MHTEPBBIO (IO IOMTYrofa MOCIe POXKIAEHUA pebeHKa): COOMPaNNCh JaHHbIE O CIOCO0e POXKIEHNA,
Macce HOBOPOX/IEHHOTO, BOSHMKHOBeHNM 119, Ha KaKoli Heflesie recTaly MpousonrIo Havano [19, Hammyuuy recTaljoHHOM rumep-
tensuu (I'T) u caxapHoro fyabera, 3ailepXKKM BHYyTPUYTPOOHOTro passutys mwiofa (3BYP), mpuHuMany 11 maryieHTKN acliupyH U B
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KaKoil lo3e, IPyIye OCTIOXHEeHVA ¥ T.I1. ITalMeHTKy ObUIM pasfie/ieHbl Ha [iBe IPYIIILL: TPYIIa BHICOKOro pucka (c pyckom I19 Bbime
1:150) u rpymnIry HM3KOTO pucKa, ¢ v 6e3 Hadana 3BYP, I'T, nuabera u 1. 1.

Pesynbratbl: Cpennuit BO3pacT IpoaHaIu3MpoBaHHbIX 1511 6epeMeHHBIX cocTaBw 29.91+5.32 ropa (ot 18 o 46 ner). VI3 Hux y 38
(2.9%) >keHIIMH pa3BUIACh NPEIKIAMIICHS, @ ¥ 5.9% — recranmoHHas runepreHsus. Kinaccudukaumsa yyacTHUKOB IO PUCKY Pa3BU-
THS IIPEIK/IAMIICUY TIO0Kasasa, 4To 591 (39.1%) o6cmeOBaHHbIX MAIIMEHTOK OTHOCH/INCD K IPYIIIIe BHICOKOTO pucKa. Bee marmenTku ¢
puckoM Bbiitte 1:150 6bI11 OTHECEHBI K IPYIIIIe BHICOKOTO PYCKa, I MM ObITIO peKOMEHFOBAHO IPMHIMATD aCIUPYH IO 150 mg KaXXAyIo
HOYb ¢ 12-1 110 36-10 Hefenmio GepemeHHOCTH. PerysipHo npemnapar npuaumMany 80,6% /i U3 TPYIIIbI BBICOKOTO PICKA.

CpaBHuBas 6eTa-k03()UIEHTDI IS M3yYaeMbIX HaMM TapaMeTpoB (6eTa-koapPUUMEHT YKa3bIBaeT Ha BIUSAHNUE IPEAUKTOPOB Ha
I13), MBI yCTAHOBW/IY, 9TO HanbO/Iee 3HAYIMMBIMH U, [I0-BUAMMOMY, HE3aBUCHMBIMYU B IPOTHO3MPOBAHMY IIPEIKIAMIICUY (PaKTOpaMu
pucka sABMsOTCA (B IOpsiake BospacTanms): 1. Macca tema HoBoposkpeHHOro, =0.157; 2. Cpeptee aprepuanpaoe gaBnerve (CAJ),
3=0.150; 3. 3BYP, =0.120; 4. AccorunpoBaHHbIit ¢ 6epeMeHHOCTbI0 6enoK Maasmbi-A (PAPP-A), =0.112; 5. [InnHa Imeitku MaTKy,
B=0.095.

3aknoueHue: Ilpu aHammse YeTHIPEX MOJE/ENl MHOXKECTBEHHOI Perpeccuy, afeKBaTHO OMVCHIBAIOIUX POIb (M HE3aBUCUMOCTB)
npeaukTopoB I19 — o61mX 1A BceX 6epeMeHHbIX XKEHIINH; B C/IyYasX paHHel CpefHeCPOYHOII U JoHOLIeHHOI [19: mialeHTapHblit
¢axrop pocra (PIGF), PAPP-A, MAP, cpepuuit Ut PI, pnuna meiiku MaTKu, Macca HoBopoxeHHoro 1 3BYP. Kak obee i Bcex
cny4aes I19, u B 3aBUCUMOCTH OT TOTO, 6110 /M Havaso [19 <32, <4 wmm <36 Helen reCTaluy, MO>KHO CIe/IaTh C/IefyIOLe BEIBOJDL:
He3aBUCUMBIMY HpenukTopamu 119 y Bcex 06C/IefoBaHHBIX 6epeMeHHbIX OblM (II0Ka3aTe/M paHXMPOBAHBI). II0 CTENEHN UX BJIM-
AHUA Ha Bo3HUKHOBeHue I19): 1. CAJl; 2. 3afepxka BHyTpUYTPOOHOrO pasBuTHA (Macca HOBOPOX/IEHHOTO AB/IAETCS KOCBEHHBIM
nokasaresieM BeposTHot 3BYP); 3. Benok-A, accolunpoBaHHbII ¢ 6epeMeHHOCTDIO; 4. [I/IMHa ek MaTK (IIpY COOTBETCTBYIOLINX
CTaHJapTU3MPOBaHHBIX K03 duumenTax f=0.150; $=0.120; f=0.112; p=0.095 COOTBETCTBEHHO).

KnwoueBble cnoBa

CAH, PAPP-A, PIGE npenukTopsl, MpesKIaMIIChA
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