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Abstract

Background. Pre-eclampsia is a systemic disease connected with high maternal and fetal morbidity and
mortality. Despite significant progress achieved in perinatal medicine, pre-eclampsia is still one of the most
significant current problems in obstetrics.

Objectives. The aim of the study was to establish diagnostic algorithms for early and late pre-eclampsia
(PE) and intrauterine growth restriction ([UGR).

Material and methods. A total of 320 pregnant women between 11+ 0 and 13 -+ 6 weeks of gestation
were recruited for a case-control study. The study group consisted of 22 patients with early PE, 29 patients
with late PE and 269 unaffected controls. The following parameters were recorded: maternal history, mean
arterial pressure (MAP), mean uterine artery pulsatility index (UtA-PI), and the concentrations of placental
growth factor (PIGF), pregnancy-associated plasma protein A (PAPP-A) and free beta-human chorionic
gonadotropin (free B-h(G).

Results. A multivariable stepwise logistic regression analysis indicated that the best screening model for
the prediction of early PE is based on a combined analysis of maternal risk factors, UtA-PI and PIGF lev-
els (sensitivity: 91%; specificity: 84%). The best screening model for the prediction of late PE is based on
a combined analysis of maternal risk factors, UtA-Pl and MAP (sensitivity: 85%; specificity: 83%). The most
effective screening model for the prediction of IUGR is based on a combined analysis of maternal risk factors,
UtA-Pl and PIGF concentrations (sensitivity: 91%; specificity: 83%).

Conclusions. The integrated model of screening established in this study can be a valuable method to
identify patients at increased risk of developing pre-eclampsia and related complications. The ability to
predict the occurrence of pre-eclampsia in early pregnancy would enable maternal and fetal morbidity to
be reduced through the introduction of strict obstetric surveillance as well as planned delivery in a reference
center.
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Pre-eclampsia (PE) is a disease characterized by high
maternal and fetal morbidity and mortality. As many
as 3% of all pregnant women in Europe experience pre-
eclampsia.l? The incidence of pre-eclampsia in healthy
primiparous women ranges from 2 to 7%. Despite the sig-
nificant progress achieved in perinatal medicine, pre-ec-
lampsia is still one of the most urgent current problems in
obstetrics. Nowadays patients at high risk of developing
pre-eclampsia are distinguished on the basis of clinical
features, the most important ones being pregestational
diabetes, increased body mass index (BMI), a history of
pre-eclampsia and chronic hypertension. However, these
risk factors lead to the detection of only 30% of the pa-
tients who will suffer from pre-eclampsia, and are not ef-
fective in nulliparous women without risk factors in their
medical history.3*

Pre-eclampsia prediction can be made more accurate
by combining biochemical and biophysical markers,
3 of which - i.e. free beta-human chorionic gonadotro-
pin (free p-hCQ), pregnancy-associated plasma protein
A (PAPP-A) and placental growth factor (PIGF) — can be
used in first-trimester screening studies.” To increase
the sensitivity of screening studies for PE using multi-
variate analysis, a standardized technique for measuring
blood pressure in the first trimester has been included.
In the mid-1990s, uterine artery flow in the second tri-
mester was shown to be an effective method character-
ized by high sensitivity but low specificity.!° Some reports
indicate the value of uterine artery flow assessment in the
first trimester.!! Integrated screening studies performed
sufficiently early should allow the detection of patients at
increased risk of pre-eclampsia.

The early identification of patients at increased risk of
developing pre-eclampsia is important for several rea-
sons. Firstly, the effectiveness of preventive interven-
tions is dependent on the early introduction of treatment
modifying the placentation process.? Secondly, early risk
stratification allows patients to be correctly qualified into
groups, and for survival rates to be increased through in-
terventions in the high-risk group. Finally, accurate pre-
dictions will improve the quality of studies evaluating the
potential role of preventive actions and the pathogenesis
of pre-eclampsia.

The aim of the study was to establish diagnostic algo-
rithms for early and late pre-eclampsia and intrauterine
growth restriction.

Material and methods

The study population consisted of 320 pregnant wom-
en between 11 + 0 and 13 + 6 weeks of gestation between
2011 and 2015. The study was performed at the Perinatol-
ogy and Gynecology Department of Polish Mother's Me-
morial Hospital Research Institute, a tertiary care center,
and in two private practices: NZOZ Medyk W. Litwinski
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(Wloctawek, Poland) and NZOZ Sonomedica (£.6dz,
Poland). The group consisted of 240 participants with-
out risk factors in their medical history and 80 with at
least one risk factor for developing pre-eclampsia (pre-
eclampsia in a previous pregnancy, chronic hyperten-
sion, elevated BMI, kidney diseases, diabetes, systemic
diseases). Women with multiple pregnancies, those with
the presence of significant fetal abnormalities and those
who had experienced an abortion or termination of preg-
nancy were excluded from the present study. All the par-
ticipants in the study signed a consent form, and the ap-
proval of the Hospital Ethics Committee to conduct the
study was obtained.

The presence of the risk factors listed above did not
lead to pre-eclampsia in every case. Based on the ac-
tual occurrence of pre-eclampsia, the study group was
subdivided into 4 groups: 1) patients who did not suffer
from pre-eclampsia (the control group; n = 269); 2) pa-
tients who suffered from the early form of pre-eclampsia
(n = 22); 3) patients who developed late-onset pre-ec-
lampsia (n = 29); 4) patients diagnosed with intrauterine
growth restriction (n = 43). An analysis of potential risk
markers in these 3 groups was carried out.

An accurate interview with each patient was conducted
during the first antenatal visit. The following data were
recorded: age, height, parity, smoking during pregnancy,
type of conception, family history (including pre-eclamp-
sia affecting mothers), elevated blood pressure before preg-
nancy, diabetes, pre-eclampsia in a previous pregnancy,
systemic diseases, kidney disorders or antiphospholipid
syndrome. In addition, the mean blood pressure was mea-
sured, a5 mL blood sample was collected and an ultrasound
scan was performed. During the ultrasound examination,
the following measurements were recorded, in accordance
with the Fetal Medicine Foundation guidelines: the crown-
rump length, nuchal translucency, and the flow through
the ductus venosus and uterine artery. An initial evalua-
tion of the fetal anatomy was also performed.

The following visit, which took place between 20 + 0 and
23 + 6 weeks of gestation, included blood pressure mea-
surement and an ultrasound scan, with an evaluation of
fetal anatomy and growth to detect congenital fetal anom-
alies. Additionally, uterine artery flow was measured.

During the last visit, scheduled between 30 + 0 and
34 + 6 weeks of gestation, blood pressure was measured
and an ultrasound scan was performed in order to evalu-
ate the anatomy, Doppler flows and growth of the fetus.

The 5 mL blood samples taken during the first visit
were collected in plastic tubes with ethylenediaminetet-
raacetic acid (EDTA). Following centrifugation, the se-
rum was stored at -80°C. PIGF, PAPP-A and free B-hCG
concentrations were evaluated using equipment that pro-
vides reproducible results (Delfia Xpress System, Perki-
nElmer, Waltham, USA).

Blood pressure was measured using equipment certi-
fied by the Fetal Medicine Foundation (3BT0-A2, Micro-
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life, Taipei, Taiwan). The devices were calibrated before
and at regular intervals during the study. The measure-
ments were performed by appropriately trained doctors.
The subjects were in a seated position with their arms at
the level of the heart. An appropriate adult cuff size was
selected for the participant’s arm circumference (small:
< 22 cm, average: 22—32 or large: 33—42 cm). After 5 min
rest, the blood pressure was measured in both arms si-
multaneously at 1-min intervals until the differences be-
tween successive measurements fell within 10 mm Hg in
systolic blood pressure and 6 mmHg in diastolic blood
pressure in both arms. When stability was reached, the
mean arterial pressure (MAP) of each arm was calculated
as the average of the previous 2 stable measurements. The
final result was taken from the arm with the highest MAP.

All the scans were performed transabdominally
with a Voluson E6 and E8 ultrasound machine scanner
(GE Healthcare, Chicago, USA). All the ultrasound and
Doppler examinations were performed by doctors cer-
tified by the Fetal Medicine Foundation. The measure-
ments were taken in accordance with Fetal Medicine
Foundation guidelines. Pulsed wave Doppler was used to
assess the uterine artery pulsatility index (UtA-PI). First,
a sagittal section of the uterus was obtained and the cer-
vical canal was identified. The transducer was then care-
fully tilted from side to side and color flow mapping was
used to visualize each uterine artery. Pulsed wave Dop-
pler was used with the gate set at 2 mm and an angle of
insonation less than 30 degrees. After obtaining 3 simi-
lar consecutive waveforms, the PI was measured and the
mean PI of the left and right arteries was calculated. The
uterine artery pulsatility index measurements were taken
in a similar way in the second trimester. The findings
were collected and the risk of pre-eclampsia was assessed.

Statistical analysis

The mean PI, MAP, PIGF, PAPP-A and free B-hCG of
the uterine artery were converted into multiples of me-
dian (MoM) and corrected for the crown-rump length
of the fetus (CRL), the patient’s age, BMI, smoking, par-
ity, type of conception and racial origin. The distribu-
tions of the examined parameters were transformed into
a Gaussian distribution after logarithmic transformation.

The measurements taken from the pre-eclampsia, [UGR
and unaffected groups were compared. The comparison
between the early pre-eclampsia, late pre-eclampsia and
IUGR groups and the unaffected control group was made
using the Mann-Whitney U test with post-hoc Bonfer-
roni correction was used (the critical value for statistical
significance was p < 0.0167). A p-value < 0.05 was consid-
ered significant.

A multivariable stepwise logistic regression analysis was
carried out to calculate the risks of IUGR, early and late-
onset pre-eclampsia based on a combination of maternal
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risk factors, biochemical markers (PIGF, PAPP-A, free
B-hCG concentrations) and biophysical markers (MAP,
UtA-PI). The performance of the screening was described
by receiver-operating characteristics (ROC) curves, areas
under the curve (AUC), confidence intervals (CI 95%),
sensitivity, specificity and detection rates, with a fixed
false-positive rate of 10%. Prediction models were devel-
oped using multivariable logistic regression analysis con-
sisting of the following components: univariate analysis,
linear examination of predictors, an examination of the
correlation between predictors, an evaluation of signifi-
cant interaction between potential predictors, residual
analysis and model evaluation. The p-value needed to be
included in the logistic regression analysis was fixed at
< 0.05. The analysis results were presented using odds,
Nagelkerke’s R2 and p-values.

The statistical analysis was conducted using R 3.1.1
software.

Results

The participants’ characteristics are presented in
Table 1. The early PE group was characterized by a high-
er BMI, a higher incidence of chronic HA, diabetes and
kidney disease than the controls. The late PE group was
characterized by a higher prevalence of smokers, women
with a history of pre-eclampsia and chronic hyperten-
sion than the controls. In the IUGR group, the women
were found to have a higher BMI, and more often suffered
from diabetes, chronic hypertension and kidney disease
than the controls.

The impact of the following factors on the prediction
of the early, late pre-eclampsia and IUGR was analyzed:
UtA-PI, UtA-PI MoM, MAP, MPA MoM, PIGF concen-
tration, PIGF MoM, PAPP-A concentration, PAPP-A
MoM, free B-hCG and free B-hCG MoM. Data for each
parameter are presented in Table 2.

Multivariable stepwise logistic regression analysis was
used to determine the effect of the following log-trans-
formed factors: MPA MoM, mean UtA-PI MoM, PIGF
MoM, PAPP-A MoM and free B-hCG MoM on the oc-
currence of early pre-eclampsia, late pre-eclampsia and
intrauterine growth restriction. The results of the ROC
analysis for early pre-eclampsia, late pre-eclampsia and
IUGR are presented in Table 3.

The detection rates of the early pre-eclampsia, late pre-
eclampsia and IUGR groups were also compared, with
a fixed false-positive rate of 10% (Table 4).

The performance of the screening was described by the
areas under the curve. The AUC values are described for
all the parameters in Table 5.

On the basis of the data, the best screening models for
the prediction of early pre-eclampsia, late pre-eclampsia
and intrauterine growth restriction were established and
presented in ROC curves (Fig. 1-3).
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Table 1. Participants’ characteristics

Control Early pre-eclampsia Late pre-eclampsia
(n=269) (n=22) (n=29)
Age (years) 28 (25-31) 295 (26-34)\° 30 (27-33) 29 (26-34) N
BMI (kg/m?) 239 (22-276) 30.6 (23.1-32.3) * 26.5(23.6-29.7) \° 287 (23.6-32.4)
Smoking 21 (8%) 2 (9%) \° 6 (21%) N 6 (149%) N
Parity
multiparous 115 (43%) 8 (36%) 23 (79%) 21 (49%) N
primiparous 154 (41%) 14 (649%) \° 6 (21%)t 22 (519%) N°
Preterm delivery 13 (5%) 5(23%) * 14 (48%) + 11 (269%) N
Miscarriage in medical history 32 (12%) 6 (27%) N> 6 (21%) N> 17 (40%) +
History of pre-eclampsia 27 (10%) 7 (31%) * 18 (62%) 13 (30%) N°
Diabetes 13 (5%) 5(23%) * 1 (345N 8 (18%) *
Chronic hypertension 30 (11%) 12 (55%) + 9 (31%) * 25 (58%) +
Kidney disease 5 (2%) 6 (27%) £ 2 (79%) NS 9 (21%)
Pre-eclapsia in mother 19 (7%) 2 (9%) \° 3 (10%) \° 5 (12%) N
AFS 0 0 0 0

Data are presented as n (percent) or median (first quartile-third quartile). Comparison between groups (early pre-eclampsia, late pre-eclampsia, IUGR) and
the group of patients who didn't suffer from pre-eclampsia was made for dichotomous variables using the ¥ test with appropriate corrections and for
continuous variables using the Mann-Whitney U test. For both tests post-hoc Bonferroni correction was used (the critical value for statistical significance
was p < 0.0167).° p > 0.0167; * p < 0.0167; T p < 0.007;  p < 0.0001.

Fig. 1. Receiver-operating characteristics (ROC) curves of maternal risk factors + Log;o PIGF MoM (-++), maternal risk factors + Log;o
UtA-PI MoM (- - -) and maternal risk factors + Logso PIGF MoM + Log;o UtA-PI MoM (—) in the prediction of early-preeclampsia
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Table 2. Data for each marker in the four outcome groups

Control

(QEPI))

CRL (mm)

DV PI

Mean UtA-PI
Mean UtA-PI MoM

PIGF concentrations (pg/mL)
PIGF MoM

PAPP-A concentrations (IU/L)
PAPP-A MoM

Free beta-hCG concentrations (IU/L)
Free beta-hCG MoM

Mean MAP
Mean MAP MoM

Age at delivery (hbd)

Birth weight (g)

Mean UtA-PI (secondtrymester)

Gestational age according to CRL (hbd)

12.5(12.2-13)

63.6 (59.1-68.3)

1.01 (0.91-1.11)

1.68 (1.32-2.09)
1.07 (0.86-1.29)

274 (19.6-34)
1.21(0.93-1.57)

1.6 (1-2.6)
1.01 (0.65-1.55)

42.1(31.2-58)
1.14(0.75-1.49)

84.6 (784-92.6)
0.99 (0.93-1.06)

39 (37-40)

3450 (3050-3780)

1(0.82-1.32)

Early pre-eclampsia

(n=22)

123 (12-13)

60 (54.7-66.7) N

095 (0.86-1.02) N

2.28(2.1-2.56) ¥
142 (1.26-1.62) £

1555 (11.1-19) +
0.62 (0.51-0.96) +

0.84 (0.67-1.13) %
0.67 (0.382-0.82) +

41,65 (25.7-47)N
1.08 (0.74-1.23)

100.35 (93.1-103.7) +
115 (1.06-1.17) £

30(29-32) %

1015 (850-1200) +

1.63 (145-19) +

Late pre-eclampsia
(n=29)

126 (124-13) N

64.7 (61.2-67.1) N

1.01 (0.92-1.05) ¥

2.18(2.07-2.33) %
14(01.3-147) %

21 (16.7-25.6) *
092 (0.63-1.09)

1.03 (0.6-1.8) *
0.74 (0.33-1.09) *

42 (341-55.8)
1.25 (1.05-1.49) N

964 (92.1-103.6) +
1.09 (1.06-1.16) +

37(35-37)

2920 (2450-3120) #

174 (1.42-1.88) +

124 (12.1-13) ¥

61.5 (56.2-67.1) N

096 (0.91-1.04)

233(212-2.62)
144 (1.3-1.73) #

20.5(14.6-26.2) *
097 (0.59-1.12) #

090 (0.6-1.2) +
049 (0.37-1.06)

403 (324-44.4) N
112 (091-1.25) M

95.6 (90.2-102.2) +
1.2 (1.03-1.16) +

32(29-34) £

1297 (890-1760) +

1.62 (143-1.78) %

Data is shown as a median (interquartile range). Comparison between groups (early pre-eclampsia, late pre-eclampsia, IUGR) and group of patients
who didn't suffer from pre-eclampsia was made using U Mann-Whitney test. The post-hoc Bonferroni correction was used (critical value for statistical
significance was p < 0.0167). > p > 0.0167; * p < 0.0167; t p < 0.007;  p < 0.0001.

Fig. 2. Receiver-operating characteristics (ROC) curves of maternal risk factors + Log;o MAP MoM (—)

and maternal risk factors + Log;o UtA-PI MoM (- - -) in the prediction of late pre-eclampsia
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Discussion

Pre-eclampsia occurs in 2-3% of all pregnancies and is
the main cause of maternal and fetal morbidity and mor-
tality.! The diagnosis is based on clinical features such as
high blood pressure and proteinuria, which are the final
steps in the pathogenesis of pre-eclampsia, beginning with
impaired implantation and growth of trophoblasts in the
first trimester of pregnancy. Despite the lack of acknowl-
edged methods of prevention, 2 important benefits can be
gained from defining a group of patients who may be found
to be at increased risk of pre-eclampsia during routine ex-
aminations performed in the first trimester of pregnancy.
Firstly, greater obstetric supervision can be provided for

445

high risk patients, and secondly, an adequate response can
be prepared in case of complications. The present analysis
was conducted on a group of patients undergoing a routine
scan in the first trimester of pregnancy in order to calcu-
late the risk of chromosomal abnormalities and pre-ec-
lampsia and its complications. The results of the statistical
analysis indicate that multivariable screening based on the
parameters investigated in this study allow the majority of
pregnancies complicated by pre-eclampsia to be identified.
This screening is more valuable in detecting early-onset
pre-eclampsia than late-onset pre-eclampsia, with the re-
spective sensitivities being 91 and 85%, while the respec-
tive specificities are 84 and 83%.

The combination of a detailed medical history with
a blood pressure examination is the cheapest and the

Fig. 3. Receiver-operating characteristics (ROC) curves of maternal risk factors + Log;o PIGF MoM (s-+), maternal risk factors +
Logio MAP MoM (---) and maternal risk factors + Log;q PIGF MoM + Log;o UtA-PI MoM (—) in the prediction of intrauterine

growth restriction
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Table 4. The performance of the screening for pre-eclampsia and intrauterine growth
restriction for each parameter separately and for a combination of maternal factors

with biochemistry, mean UtA-Pl and MAP, shown as the detection rate
for a fixed false-positive rate (FPR)

Detection rate (%) for a fixed false-positive rate (FPR)

early pre- late pre-
eclampsia eclampsia
FPR 10% FPR 10%
PAPP-A MoM 483 259
PIGF MoM 57 344
Free 3-hCG MoM 20.3 6.9
Mean MPA MoM 455 241
Mean UtA-PI MoM 332 19.3
Mean UtA-PI
(second trimester) 391 a4
Maternal risk factors +
PAPP-A MoM 364 276
PIGF MoM 81.8 586
Free 3-hCG MoM - -
Mean MPA MoM 773 80.8
Mean UtA-PI MoM 59.1 483
DV PI

E. Litwiniska, et al. Combined screening for pre-eclampsia

An understanding of the pathophysi-
ology of pre-eclampsia would allow the
factors participating in early angiogen-
esis and placentation to be evaluated
as potential biochemical markers. The
PAPP-A and free 3-hCG examined in the
present study are components of screen-
ing tests for chromosomal abnormalities.

FPR 10% Placental growth factor — one of the fac-

tors playing a role in placentation — was

336 found to be present in similar amounts
167 to those identified in previous stud-
‘ ies.'>17 The same studies also reported
19 a decrease in PAPP-A levels between
11 + 0 and 13 + 6 weeks of gestation in

349 patients who developed pre-eclampsia,
after excluding pregnancies complicated

415 by chromosomal abnormalities.!>"*” Ad-
ditionally, the present study found the

233 level of PAPP-A to be significantly lower
in early-onset pre-eclampsia, and a sig-

55.8 nificant relationship was noted between
302 the level of PAPP-A and the uterine ar-
65 tery pulsatility index. These findings are
674 consistent with those of Poon et al. and
Spencer et al., who showed the value of

most readily available screening method. In the present
analysis, screening tests based only on medical history
were found to have a sensitivity of 41% and specificity of
95% (RR 3.42), which is consistent with previous analyses.
According to Poon et al., 37% of patients who will develop
early-onset pre-eclampsia and 29% of patients who will
develop late-onset pre-eclampsia can be detected on the
basis of medical history alone, albeit with a 5% false posi-
tive rate. If blood pressure is also measured during the
examination, the area of possible pregnancy complica-
tions is expanded. The calculated detection rates for ear-
ly pre-eclapsia, late pre-eclapsia and intrauterine growth
restriction based only on blood pressure measurement
are 45, 24 and 35% respectively, with a 10% false positive
rate. These results are consistent with those of Manten et
al., who observed higher blood pressure in patients with
a history of pre-eclampsia, even when no pre-eclampsia
occurred. These patients are at increased risk of develop-
ing chronic hypertension.'

Indirect evidence of impaired placenta perfusion in pre-
eclampsia complicated pregnancies has been revealed by
Doppler studies. An increase in the uterine artery pulsa-
tility index in the first and second trimesters is observed
in patients with pre-eclampsia, particularly in early onset
type and IUGR. According to Plasencia et al., detection
rates in early and late-onset pre-eclampsia based on the
uterine artery pulsatility index were higher in the second
trimester than in the first.!1>!

PAPP-A measurement in the prediction

of early pre-eclampsia.!®2° Pregnancies

complicated by pre-eclampsia revealed lower levels of the
markers and mediators of endothelial cell dysfunction as
well as placental growth factor. A relationship was also
observed between PIGF levels and the chance of devel-
oping early-onset pre-eclampsia, as previously noted by
Akolekar et al. and Erez et al.2'?? In the present study,
no relationship was observed between the level of free
b-hCG and the occurrence of pre-eclampsia or its com-
plications. These results are consistent with those of nu-
merous studies conducted on large cohorts of patients.'®?
However, detection rates for early pre-eclampsia, late
pre-eclampsia and IUGR calculated separately for each
parameter were disappointing. The respective detection
rates for early pre-eclampsia, late pre-eclampsia and
IUGR, calculated on the basis of multiples of the me-
dian, were 45, 24 and 35% for mean arterial pressure; 33,
19 and 41% for mean uterine artery pulsatility index; 57,
34 and 47% for PIGF concentration; and 48, 26 and 34%
for PAPP-A concentration. The false positive rate was
10%. As a significant relationship was found between
individual, biochemical and biophysical parameters, the
next step was to create an integrated model of screening
tests for pre-eclampsia — an approach analogous to the
concept of early multifactorial screening for chromo-
somal abnormalities. The application of an integrated
model of screening resulted in a spectacular improve-
ment in the sensitivity of the test, especially regarding
the early form of pre-eclampsia. Finally, after taking all
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Table 5. Comparative evaluation of screening examinations for the prediction of early and late pre-eclampsia for maternal risk factors

and maternal risk factors + additional factors

PAPP-A MoM

PIGF MoM

Free beta-hCG MoM

Mean MAP MoM

Mean UtA-PI MoM

DV PI

Maternal risk factors

Maternal risk factors +
PAPP-A MoM
PIGF MoM
beta-hCG MoM
Mean MAP MoM
Mean UtA-PI MoM
DV PI
Sr UtA-PI MoM + PIGF MoM

early pre-eclampsia

0.62(0.57-0.67)*
0.79 (0.75-0.83) +
0.59 (0.53 - 0.65) ™
0.77 (0.71 - 0.83) *
0.75(0.71-0.79) t
0.64 (0.58 - 0.70) *

0.85(0.81 -0.89) %

0.85(0.82 - 0.88) +
091 (0.89-093) £
0.81 (0.76 - 0.86)
092 (0.89 - 0.95) N
090 (0.87 -093) £
0.70 (0.66 — 0.76) N
092 (090 -0.94) +

Area under curve (AUQ)

late pre-eclampsia

0.74(0.70-0.78) T

0.66 (0.61 —0.71) *

061 (0.56 - 0.66) ¥

0.74 (0.69 - 0.79) t

0.75(0.71-079 t

0.51 (046 — 0.56) N

IUGR

0.69 (0.64 -0.74) *

0.68 (0.64-0.72) *

0.55(0.50 - 0.60)

0.73(0.68-0.78) *

0.82(0.79-0.85)

0.61 (0.56 — 0.66) ¥

0.80(0.76 - 0.84) + 0.83(0.8-0.86) £

0.84(0.81 - 0.87) + 0.85(0.82 - 0.88) +
0.86 (0.83 -0.89) t 0.84(0.81 - 0.87) +
0.55 (049 -0.61) 0.81 (0.77 = 0.85) N
0.93 (091 - 0.95) * 0.86 (0.83-0.89) +
0.87 (0.84 - 0.90) * 091 (0.89-093) £
0.67 (0.63 - 0.71) N 0.73 (0.69 - 0.77) N
0.80(0.77 - 0.83) \° 091 (0.89-0.93) *
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C195% for AUC is presented in brackets; ¥ p > 0.05; * p <0.05; t p < 0.007;  p < 0.0001.

the parameters into account (i.e. personal history, mean
arterial pressure, mean uterine artery pulsatility index,
PIGF and PAPP-A concentration), the best screening
model for early pre-eclampsia prediction was found to
be based on a combination of maternal characteristics,
the mean uterine artery pulsatility index and the pla-
cental growth factor concentration. The sensitivity and
specificity of this model are 91 and 84% respectively.
The best model for screening for IUGR is based on the
same 3 factors, which may be related to the frequent
coincidence of IUGR and early pre-eclampsia. The sen-
sitivity and specificity of this model are 91 and 83% re-
spectively. The combination of maternal risk factors and
mean arterial pressure is the best screening tool for the
prediction of late-onset pre-eclampsia, with sensitivity
and specificity of 85 and 83% respectively. Early pre-ec-
lampsia screening is particularly important because of
the rapid course of the condition, the high risk of mater-
nal and neonatal mortality and morbidity, as well as its
short- and long-term maternal complications.

The main advantages of the present study are the in-
clusion of a large number of patients with risk factors at
accurately specified gestational ages and clear criteria of
pre-eclampsia. In addition, a higher detection rate was
achieved by considering a variety of biochemical and
biophysical markers (blood pressure measurement and
Doppler studies of uterine arteries) along with a medi-
cal history taken at an accurately specified gestational
age. However, a potential limitation of this study was

the large inter-patient variation among the risk factors,
which made it difficult to obtain statistical significance
for some parameters.

The ability to predict the occurrence of pre-eclampsia
in early pregnancy enables maternal and fetal morbidity
to be reduced through strict obstetric surveillance as well
as planned delivery in a reference center. The integrated
model of screening presented in this study can be valu-
able in defining the group of patients at increased risk of
developing pre-eclampsia. Future studies are necessary
on the potential role of pharmacological interventions
starting in the first trimester of pregnancy with the aim
of improving the quality of placentation and reducing the
prevalence of pre-eclampsia.

Conclusions

Prediction of early pre-eclampsia is most effective
when based on a combination of maternal risk factors,
the mean uterine artery pulsatility index and placental
growth factor concentration.

Prediction of late pre-eclampsia is most effective when
based on a combination of maternal risk factors and
mean arterial blood pressure.

Prediction of IUGR is most effective when based on
a combination of maternal risk factors, the mean uterine
artery pulsatility index and placental growth factor con-
centration.
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