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a b s t r a c t
In this study, we aimed to evaluate the detection of pre-eclampsia (PE) by integrating uterine artery
Doppler, placental volume, and pregnancy-associated plasma protein A (PAPP-A) levels in the first trimester. We prospectively recruited 602 women that underwent 11–13 weeks’ aneuploidy screening. The
mean pulsatility index (PI) of the uterine arteries and the placental volume were measured by ultrasonography. Measurement of PAPP-A levels has been performed at the same day of ultrasonographic
examinations. The 90th percentile of uterine artery PI and the 10th percentile of placental volume and
PAPP-A levels were used as cut-offs. Uterine artery PI, placental volume, and PAPP-A levels had similar
sensitivities in predicting PE (53.66%, 63.41%, and 70.73%, respectively). Use of the parameters in combination had better sensitivity. If one parameter was positive, the sensitivity was 92.68% with 85.20% specificity. If at least two parameters were positive, the sensitivity was 85.37% with 98.89% specificity. In
conclusion, the combination of increased PI of uterine artery with low placental volume and low
PAPP-A levels in the first trimester achieved better results than either test alone in the prediction of PE.
Ó 2016 Published by Elsevier B.V. on behalf of International Society for the Study of Hypertension in
Pregnancy.

1. Introduction
Preeclampsia (PE) is a pregnancy-specific disorder that complicates between 2% and 8% of pregnancies [1]. Hypertensive disorders were the second most common cause of maternal death
after hemorrhages in the developing countries. Even in countries
with low maternal mortality, PE and eclampsia is still one of the
leading cause of women dying during pregnancy. In addition, PE
is also associated with worse fetal outcomes. It is the most common cause for iatrogenic prematurity, and through the association
with abruptio placentae and intrauterine fetal growth restriction is
an important contributor to perinatal death [2,3].
There are increasing evidences of a relationship between
impaired placentation and the subsequent development of PE.
The underlying pathology is present at first trimester, however,
the symptoms of the disorder are generally present in the late
second to third trimester [4].
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Early risk stratification may allow for more appropriate allocation of resources, thus; this may allow the diversion of follow-up
to patients most likely to benefit from them. Multiple tests have
been proposed as screening tests for PE, including analysis of
maternal serum biochemical markers and feto-maternal sonographic parameters. Doppler study of the uterine arteries at
22–24 gestational weeks proved to be a reliable method to predict
PE in the second trimester [5]. Doppler studies to predict PE have
been also performed during the first trimester, however, such studies have reported a poorer performance when compared to second
trimester recordings [6]. Metzenbauer et al. [7] firstly, concluded
that small placental volumes in first trimester were more common
in cases of adverse pregnancy outcome. Furthermore, previous
studies have suggested that low maternal serum levels of
pregnancy-associated plasma protein A (PAPP-A) levels at
11–14 weeks of pregnancies may be an early sign of impaired
placental development leading as pregnancy complications such
as PE [8–10].
No single test has been demonstrated a sufficient predictive
value for PE in the clinical use. These tests appear to be most useful
in combination with other parameters instead. PE has a nature of
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PE, thus; a combination of two or more independent biomarkers,
each reflecting a different pathologic process, should potentially
increase the possibility of suitable predictive algorithms. Previously, uterine artery Doppler, placental volume and PAPP-A levels,
separately, studied in predicting PE in the first trimester. To best of
our knowledge a combination of these potential markers has been
not studied, yet.
The aim of this study was to determine the combination of
uterine artery Doppler, placental volume and PAPP-A levels in
the first trimester is able to predict PE.

2. Materials and methods
This is a prospective cohort study of pregnant women followed
by the Gynecologic and Prenatal Diagnosis Unit of a third level
reference hospital with around eighteen thousand deliveries each
year. Approval for the study was obtained from the institutional
review board. Women with singleton pregnancies between 11
and 14 weeks’ gestation attending for first-trimester aneuploidy
screening of the routine antenatal care were invited to participate
in the study. A diagram outlining the selection and follow-up of
patients is shown in Fig. 1.
A written informed consent was collected and enrolled women
were interviewed during the first visit. Maternal history was
recorded (women were asked to provide information on age,
weight and height, previous pregnancies, history of chronic hypertension, diabetes and previous pregnancy with PE, cigarette smoking during pregnancy). The last menstrual period was used to
calculate gestational age and it was confirmed by crown-rump

length measurement. Doppler ultrasound scan of uterine arteries,
volumetry of placenta were performed and blood samplings were
collected. A single experienced observer, who had obtained The
Fetal Medicine Foundation Certificate of Competence in Placental
and Fetal Doppler, performed all two-dimensional (2D), threedimensional (3D) ultrasound and Doppler scans using a Voluson
730 Expert (GE Healthcare, Milwaukee, WI, USA) with a transabdominal 2–5 MHz transducer. The uterine arteries were identified
by Color flow mapping at the level of the isthmus and pulsed
wave Doppler was used to obtain the waveforms. The pulsatility
index (PI) was calculated after manual tracing of the waveforms.
The average PI of the left and the right uterine arteries were
recorded. The placenta was examined. The borders of placenta
were drawn at six levels manually by using roller ball and the size
of the volume box was adapted in such a way that the placenta
fitted into it completely. Placental volume was then automatically
calculated by the equipment’s software like described in a
previous study [11]. Each patient provided a blood sample for first
trimester screening. The blood samples were allowed to clot and
centrifuged at 1500g for 15 min. The serum was then removed
and aliquots were stored at 80 °C until the use. Concentrations
of PAPP-A were then transformed as multiples of median (MoM)
and adjusting for gestational age, ethnicity, maternal weight,
insulin-dependent diabetes, history of anticonvulsant use and
history of a previous fetal neural tube defect by the commercial
software used for first trimester screening at our institution.
Samples were analyzed by an examiner blinded to the clinical
outcomes.
The exclusion criteria were late miscarriages (miscarriages
between 14 and 24 weeks of pregnancy), major fetal abnormalities

Fig. 1. Flow diagram of the study.
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(such as aneuploidy
syndromes).

and

multiple

congenital

abnormality

2.1. Diagnosis of preeclampsia

were compared using Fisher’s exact test. Statistical significance
was considered as p < 0.05.

3. Results

Participants were recruited consecutively and followed from
first visit to delivery. We considered PE as a main outcome and
used the definition of the American College of Obstetricians
and Gynecologists for the diagnosis [12]: Hypertension
(>140/90 mmHg) measured on two separate occasions, >6 h apart
developing after 20 weeks of gestation in a pregnancy with
previously normal blood pressure and co-existing significant
proteinuria (>0.3 g in a 24-h urine specimen) is defined as PE.
2.2. Statistical analysis
Demographic characteristics, ultrasound findings and the
results of biochemical testing were entered into a computerized
database. Patients’ individual medical records at delivery were
reviewed to obtained the data on pregnancy outcomes. The 10th
and 90th percentiles of uterine artery mean PI, placental volume
and PAPP-A levels were calculated. These cut of were used for
prediction of PE. Specify, sensitivity, negative predictive value
(NPV) and positive predictive value (PPV) results for each measurement were examined to the diagnostic test performances.
Statistical analyses were performed using SPSS (Statistical Package
for the Social Sciences) software (SPSS 19.0 for Windows; SPSS Inc.
Chicago, IL). Kolmogorov–Smirnov tests of normality were used to
evaluate the distributions. Non-normally distributed metric
variables were analyzed by Mann–Whitney U-test. Qualitative data

A total of 602 pregnant were enrolled consecutively in our
study. Fifty-nine women declined to participate. We excluded 18
women; include all cases of late miscarriages, aneuploidy and multiple congenital abnormality syndromes. Thirty-five women were
lost at follow-up. In the remaining 490 pregnancies, 41 women
developed PE (8.37%).
Maternal characteristics are summarized in Table 1. There was
no difference in age, body mass index, number of parity, and number of smokers between groups. Nulliparous women and pregnant
with a history of PE in previous pregnancies were higher in PE
group. Median of MoM values of PAPP-A levels and placental
volume measurements were significantly lower and median of
uterine artery PI values were significantly higher in PE group
compared to control group. Delivery week and fetal weight were
also significantly lower in PE group.
PE screening characteristics of uterine artery mean PI >90th
centile, placental volume <10th centile and MoM of PAPP-A levels
<10th centile used alone or in combination are showed in Table 2.
An abnormal PI in uterine arteries or a PAPP-A levels had similar
sensitivities and specificities in predicting PE but the sensitivities
and specificities for placental volume below the 10th centile was
lower for predicting PE. The higher sensitivity values were reached
when uterine arteries PI, placental volume and PAPP-A levels were
used in combination considering the result of the test positive such
as at least one or two of the parameters was abnormal.

Table 1
Demographic characteristics of the preeclampsia and control (not-affected) groups.

Number of participants
Age (years)
Body mass index (kg/m2)
Number of parity
Nulliparous
Smokers
History of preeclampsia
PAPP-A (MoM)
Placental volume (ml)
Uterine artery PI
Delivery week
Fetal weight (g)

Preeclampsia group

Control group (Non-affected)

P value

41 (8.37%)
28 (18–42)
23.24 (17.78–38.2)
1 (0–5)
15 (36.59%)
9 (21.95%)
5 (12.2%)
0.26 (0.06–1.47)
34 (16.40–74.63)
2.74 (0.8–5.12)
36 (28–38)
2400 (740–3700)

449 (91.63%)
28 (18–45)
23.83 (17.07–42.15)
1 (1–7)
97 (21.6%)
62 (13.81%)
13 (2.9%)
0.75 (0.22–3.42)
62 (15–131)
1.24 (0.02–6.39)
38 (28–41)
3110 (1080–4720)

0.819
0.989
0.472
0.034
0.16
0.012
<000.1
<000.1
<000.1
<000.1
<000.1

Continuous variables were given as medians (ranges: minimum and maximum) and categorical variables were given as number (percentages).
Bold represents the significant P-values.

Table 2
Preeclampsia screening characteristics of uterine artery mean PI >90th centile, placental volume <10th centile and MoM of PAPP-A measurement <10th centile used alone or in
combination.
Sensitivity

Specificity

PPV

NPV

Uterine PI >90th centile

70.73%
(54.46–83.87%)

95.32%
(92.94–97.08%)

58.00%
(43.21–71.81%)

97.27 %
(95.28–98.58%)

Placental volume <10th centile

53.66%
(37.42–69.34%)

93.99%
(91.37–96.00%)

44.90%
(30.67–59.77%)

95.69%
(93.35–97.39%)

PAPP-A measurement <10th centile

63.41%
(46.94–77.88%)

94.88%
(92.41–96.73%)

53.06%
(38.27–67.47%)

96.60 %
(94.45–98.08%)

At least one parameter is abnormal

92.68%
(80.08–98.46%)

85.20%
(81.56–88.37%)

36.54%
(27.31–46.55%)

99.22 %
(97.73–99.84%)

At least two parameters are abnormal

85.37%
(70.83–94.43%)

98.89 %
(97.42–99.64%)

87.50%
(73.20–95.81%)

98.67%
(97.12–99.51%)

All values are given as % (95% confidence interval), PPV: positive predictive value, NPV: negative predictive value.
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4. Discussion
This study analyzes the role of uterine artery Doppler, placental
volume, measurement of PAPP-A levels in maternal serum and
their combined use in the first trimester for the prediction of PE
in an unselected population. These parameters were separately
studied in previous studies [11,13,14]; however, to the best of
our knowledge, our study is the first that investigated the effectiveness of combination of these three parameters in predicting PE.
In previous studies [15,16], it has been showed that the higher
uterine artery PI, the lower placental volume and the lower PAPP-A
levels in the first trimester were correlated with PE. In light of
these studies, we determined 10th centile lower cut-off for placental volume and PAPP-A results and 90th centile higher cut-off values for uterine artery PI. This method was used in several studies
[11,17,18]. Our study revealed that these parameters had low sensitivity and specificity values when they were used separately in
prediction of PE. On the other hand, when we used the combination of parameters, such as at least one or two of three parameters
were positive, tests reached adequate sensitivity and specificity
values. We found a prevalence of PE of 8.37% a value significantly
higher than those reported in other studies [6,19]. Possible explanations for this finding may be the demographic characteristics of
the included patients who are attended to a tertiary hospital or
limitations in the sample size. Higher ratio of nulliparous women
and women with history of PE within study group might also cause
higher prevalence.
Although there are still many unanswered questions, the pathophysiology of pre-eclampsia involves combination of maternal,
fetal and placental factors. The most commonly suggested hypothesis strongly relies on impaired invasion of fetal trophoblast cells
into the maternal decidua. Decreased invasion leads to an impeded
transformation of the spiral arteries into the low resistance vessels,
causes to reduced placental blood flow, leads to hypoxic damage of
the endothelial vessels, at last, initiates a range of disorders culminating in placental infarction. The physiological response of to this
phenomenon is increased maternal blood pressure and fetal
growth retardation to continue sufficient maternal–fetal circulation. Consequently, placental developmental and functional
impairment during the first trimester appears to affect the
development of hypertension in second or third trimester of
pregnancy [20].
At present, Doppler examination might give us relatively early
information about impaired trophoblast invasion of the uterine
arteries. High impedance of the uterine arterial blood flow reveals
an insufficient physiological conversion of the spiral arteries. The
best time in pregnancy to perform uterine artery Doppler scans
to predict PE is between 22 and 24 weeks, although this is relatively late for the start of an efficient prophylaxis and treatment
[21]. Since an earlier identification of pregnancies at risk should
be beneficial to promptly start closer follow-up and prophylactic
treatment. In recent studies, Doppler examinations have been also
performed during the first trimester. Such studies [11,17] have
reported a poorer performance when compared to late second trimester recordings with an overall sensitivity of 25% to 79%. In our
study, we found 70.73% sensitivity when we determined cut-off in
90th centile.
With the introduction of three-dimensional ultrasound to antenatal care, there has been interest in measurement of placental
volume as a screening test for PE. Hafner et al. [18] reported a
screening study based on placental quotient (a ratio of placental
volume to crown-pump length) measurements at around
12 weeks, at a false positive rate of 11%, the sensitivity in predicting PE was 20% for placental quotient below the 10th percentile.
Our study revealed that placental volume measurement had a
55.66% sensitivity for values below <10th percentile.

PAPP-A may affect placental function through its action on
insulin-like growth factor (IGF) and IGF binding protein 4. IGFs
are thought to play a key role in regulating fetal growth and trophoblast invasion of the decidua. The IGF binding protein 4 inhibit
the action of IGFs. PAPP-A is a protease for IGF binding protein 4
[22]. This mechanism is considered as the most plausible explanation for the reduced PAPP-A levels in predicting PE [17]. In the
literature, sensitivity of first trimester PAPP-A levels in predicting
PE was reported between 23% and 51.7% [14,23,24], we found
63.41% sensitivity with 53.06% PPV for PAPP-A levels in predicting
PE. This relatively high detection rate is correlated with relatively
high incidence of PE in our study population.
As it is now generally accepted that finding a single effective
test with sufficient accuracy to be clinically useful is highly unlikely interest in combining several tests into multi-parametric
models has been growing in recent years [4,25,26]. We observed
that high sensitivity and specificity values were reached when
we used uterine artery PI, placental volume and PAPP-A levels in
combination compared to when they were used alone.
In conclusion, this study revealed that pregnancies complicated
by PE are associated with increased uterine artery PI and decreased
placental volume and PAPP-A levels in first trimester. Certainly,
use of parameters in the combination improves prediction over
the use of parameters alone. Further studies are required in larger
populations to establish the real potential of first trimester PAPP-A
levels, placental volume and uterine artery PI in predicting PE.
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