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Introduction and outline

chapter 1



Preeclampsia (pe) and intrauterine growth restriction (iugr) are causes of  con-
sid erable maternal and fetal morbidity and mortality with partly understood
 etiology.1,2 It is widely believed that during the first half  of  pregnancy, trophoblastic
invasion is responsible for remodelling of  the spiral arteries into dilated, inelastic
vessels capable of  supplying large amounts of  blood to the placenta and the devel -
oping fetus. This physiological process is responsible for the development of  a
functional uteroplacental circulation.3,4 Histological studies show that in uncom-
plicated pregnancies the invasion of  the trophoblastic cells extends to the decidual
and myometrial segments, changing the spiral arteries to low-resistance vessels
capable of  supplying high amounts of  blood to the placenta.4-6

Impaired remodeling due to shallow trophoblastic invasion is associated with
maintenance of  high resistance and low flow spiral arteries as comparable to the
non-pregnant uterus and related to possible subsequent development of  pe with
or without iugr and isolated iugr.4,7-9 Various authors have reported that when
trophoblastic invasion is impaired, the invasion is usually restricted to the decidual
segments leaving the myometrial segment of  the spiral arteries unchanged and
retaining their musculo-elastic wall.5

Early monitoring of  trophoblastic invasion may increase our knowledge about
placental development. It enables us to identify women with high risk for devel-
oping obstetric complications, such as pe and/or iugr secondary to uteroplacental
dysfunction, who require more intensive surveillance during pregnancy. In addi-
tion, early identification of  high risk women might help to discriminate between
iugr fetuses from constitutional small-for-gestational-age (sga) fetuses.

Reported prevalence of  pe in an unselected population is dependent on the diag-
nostic criteria used and ranges from 0.5% for severe pe to 2-5% overall.10 Inci-
dence of  iugr is dependent of  the definition of  fetal weight used: less than 2.3, 5
or 10th percentile or fetal weight two standard deviations below the mean for
gestational age. In most literature, a fetal weight below the tenth percentile is the
accepted definition of  iugr.11,12 Since pe and iugr are complications with relatively
low incidence in western population, a screening test should therefore accurately
identify high risk women for developing pe and iugr.13

Pre-pregnancy discrimination of  women into low an high risk groups can be
accomplished by screening of  various pre-pregnancy risk factors, such as nullipar-
ity, pre-existing maternal diseases such as hypertension, diabetes mellitus, high
body mass index or maternal age or a history of  obstetric complications, such as
preeclampsia or iugr.14-15 However, these pre-pregnancy risk factors have low
predictive values and need to be supported by other screening tests, especially
during pregnancy.
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A good screening test for pe and isolated iugr should be safe, simple, quick and
inexpensive and patient’s acceptability should be taken into account as well. Early
identification allows early intervention and treatment for high risk women, which
may decrease maternal and fetal morbidity and improve outcome, although at
this moment secondary preventive options are very limited and currently no cure
except delivery exists. High sensitivity is more preferable than high specificity be-
cause minimizing false negatives over false positives is advantageous considering
the benefits and harms due to unnecessary treatment or intervention. But a good
test should preferably incorporate both high sensitivity as well as high specificity.

Over the last decades, numerous authors have studied the potential of  first and
second trimester maternal and fetal marker screening to identify impaired placen-
tal development and subsequent pregnancy complications, such as pe and isolated
iugr. Various potent predictive markers have been studied, such as Doppler
measurements, three dimensional ultrasound volume measurements and maternal
serum markers.16,17 However, large and even controversial differences in screening
performance are reported.

Doppler Ultrasound

Doppler ultrasound is a non-invasive technique, which can easily be used for
evaluation of  maternal and fetal hemodynamics. It was first described by  Fitz -
gerald in 1977, who used a standard ultrasound device combined with a Doppler
ultrasound beam.18 His recordings were analyzed by headphone and allowed him
to observe the fetal umbilical arteries. Since then, Doppler ultrasound technique
has rapidly developed into a quick and easy way to study fetal and maternal cir-
culation.

Uterine artery
Most reports about the use of  Doppler ultrasound for screening purposes dur-
ing pregnancy focus on the uterine arteries (ua), which are the main arteries for
blood supply of  the pregnant uterus. They are believed to reflect the decrement
in impedance to flow in spiral arteries during trophoblastic invasion.

In 1983, Campbell was the first to study ua (arcuate) Doppler measurements in
second and third trimester in healthy women with uncomplicated pregnancies.19

He describes a unique characteristic shape: continuous positive flow with high
end-diastolic velocities, which makes the ua’s easy to identify. In addition, he reports
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that in pregnancies complicated by proteinuric hypertension and iugr the ua

vascular resistance was increased in half  of  them. Two years later these findings
were confirmed by Trudinger et al. in small-for-gestational-age infants in whom
over half  had serial abnormal flow indices from 20 till 40 weeks of  gestation.20

Although generally assumed, it was not until 1993 that Olofsson in a case-control
study examined placental bed biopsies taken during caesarean section in compli-
cated and uncomplicated pregnancies and he linked increased ua resistance to
impaired trophoblastic invasion.21 A year later, Meekins also found differences in
trophoblastic invasion of  the myometrial spiral arteries in normal compared to
severe preeclamptic pregnancies while studying placental bed biopsies.6 In the
late nineties, Lin and Sagol confirmed this relationship of  increased ua Doppler
indices and impaired trophoblastic invasion in pe and iugr complicated pregnan-
cies.22,23

Soon after the discovery of  ua Doppler us measurements, its use has been
evaluated as an early predictive marker for adverse pregnancy outcome by dif-
ferent authors. Campbell was one of  the first authors to publish results on the
use of  ua Doppler screening for identification of  high risk pregnancies, such as
hypertensive disorders, fetal growth restriction and foetal asphyxia.19 Screening
performance was moderate with a sensitivity of  68% and a specificity of  69%, but
it seemed a promising tool for early screening for high risk pregnancies.

Over the years many reports on screening performance of  ua artery Doppler
measurements have been published with considerable different outcomes, rang-
ing form very good to poor predictive values. Although diagnostic accuracy is
hampered by different tests, different populations and different gestational ages
at measurement, most reports show high sensitivity with moderate to poor
specificity and low predictive scores for hypertensive disorders and intrauterine
growth restriction.24-34 However, few authors report good predictive values with
sensitivity levels over 70%.35-37

In 2008 a large systematic review was published in which nearly 80.000 women
were screened for pe and over 40.000 women were screened for iugr with the
use of  ua Doppler measurements.38 In low risk women the overall risk for pe was
best predicted by second trimester measurement: pulsatility index with presence
of  bilateral notching: high specificity 99% and moderate sensitivity of  23%. In high
risk women, the overall risk for pe was best predicted by ua pulsatility index and
bilateral notching in the second trimester: specificity 99%, sensitivity 19%. In-
creased ua pulsatility index and bilateral notching was also the best predictor for
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severe and overall iugr with specificity of  99% and 98% and sensitivity of  12%
and 23% respectively.

Routine use of  ua Doppler us screening seems considering the overall test
characteristics with high false positive rates and the absence of  adequate therapy
not (yet) a useful option, however its high negative predictive values might identify
a low risk population which can be excluded from increased surveillance.39

Spiral artery
After branching from the hypogastric artery, the uterine arteries further divide
into basal, radial and finally into spiral arteries. They were discovered by accident
as arteriae convolutae in the late 18th century by the Hunter brothers, but it was
until the twentieth century that spiral arteries were linked to trophoblastic inva-
sion by Brosens in histological studies.5

Doppler us measurements of  these small spiral arteries were technically not
possible until the early nineties when Color Doppler was introduced. In 1991

 Pijnenborg et al. linked impaired sa modification to impaired trophoblastic invasion
and Jurkovic et al. published a study concerning spiral artery hemodynamics in un-
complicated pregnancies and describes a characteristic waveform and progres-
sively decreasing indices of  impedance to flow with advancing gestational age.9,40

Doppler ultrasound measurements in sa seemed to correspond with (patho)
physiological change in sa in a histological study of  early pregnancies.41

Flow velocity waveforms in normal and complicated pregnancies were stud-
ied by several authors in matched-pairs and cross sectional studies. However, no
longitudinal data has been reported in literature.

Screening performance of  sa in prediction of  complicated pregnancies was
assessed in a few studies: Locci et al. in 1993 did not consider sa flow indices in pe

and iugr complicated pregnancies a good way of  monitoring and found moderate
predictive values (sensitivity 53%, specificity 40%, positive predictive value 65%
and negative predictive value 33%).42 Two other studies report increased second
and third trimester Doppler indices in pe and iugr complicated pregnancies;
 Murakoshi found very good predictive values for pih and iugr with sensitivity
85% and specificity of  91%.43 Matijevic confirmed these findings in a case-control
study with preeclamptic pregnancies compared to uncomplicated pregnancies.44

First trimester sa Doppler indices are considered poor predictors of  adverse
pregnancy outcome by Hung et al., with sensitivity and specificity close to 50%.45
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Serum markers

For early detection of  women at high risk of  developing pe or iugr, a wide variety
of  serum markers have been evaluated, including markers of  renal dysfunction,
endothelial dysfunction and oxidative stress, markers for aneuploidy as well as
placental peptide hormones.46,47 Two large systematic reviews of  screening tests
for preeclampsia in 2002 and 2004 reported that there is still no clinically useful
screening test to predict the development of  preeclampsia, probably due to its
multifactorial etiology and its low incidence in a general population.48,49

The search for predictive markers is still continuing. Since 2004 many new
promising markers have been evaluated, such as angiogenesis factors (PlGF, vegf,
sFlt, sEng), placental proteins (adam12s, pp13 and ptx3), coagulation factors  (p-
selectin) and cell-free fetal dna. However, the reliability of  these markers is in-
consistent between different studies and although several markers might offer
the potential to be used as a predictive tool, better predictive values are to be
expected from combinatory analysis of  multiple markers.

Promising multiple markers screening combine sonographic markers, serum
markers and/or Doppler measurements for prediction of  pe, such as first tri -
mester pp13, papp-a and second trimester ua pulsatility index by Spencer,49 sFlt
and PlGF with second trimester ua pulsatility index,50

papp-a, PlGF and ua pi
51 or

first trimester ua pulsatility index and placenta volume.52 Multiple serum marker
screening such as soluble endoglin, PlGF and sFlt 53 or in combination with tgf-
beta-154, or papp-a, beta-hCG and adam12

55 have been subject of  evaluation as well.
For the prediction of  iugr, a combination of  PlGF, vegf, vegfr-1 and placental
volume,56 as well as first trimester ua pi and papp-a measurements57 have been
studied. Predictive values differ considerably between different studies and al-
though good screening performance has been reported, there is need for pro spec -
tive, large, multicenter, multi-ethnic studies to confirm these promising results.

Three-dimensional ultrasound volume measurements

Three-dimensional ultrasound (3dus) is a promising tool in early prediction of
complicated pregnancies since its introduction in 1980. Due to the rapid devel-
opment of  computer processor technology, 3dus have been used for quick and
accurate assessment of  various volume measurements, such as gestational sac58 and
yolk sac59 or fetal organs, such as liver,60 lungs61 and kidneys.62 Although broadly
used in many aspects of  prenatal screening and diagnosis, its role in (early) pre-
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diction or identification of  pregnancies complicated by pe or iugr remains modest.
Several authors have examined the use of  placental volume measurements with
different outcomes.63-68

Aim of  Thesis

The aim of  this thesis was to study the predictive value of  different maternal serum
and sonographic markers for early prediction of  preeclampsia and isolated in-
trauterine growth restriction in a high-risk population.

chapter 2 gives a detailed assessment of  the reproducibility of  three dimension-
al ultrasound fetal and placental volume measurements, in which intra- and inter-
observer agreement was studied. In chapter 3 the clinical relevance of  three
dimensional ultrasound measurements of  placental and fetal volumes in predic-
tion of  preeclampsia and isolated intrauterine growth restriction are reviewed.

The assumed relationship between Doppler measurements of  uterine and
spiral arteries is discussed in chapter 4 and in chapter 5 the value of  measuring
spiral arteries in prediction of  preeclampsia, pregnancy induced hypertension
and isolated intra uterine growth restriction was evaluated. Promising maternal
serum markers Metastin, Placental Protein 13 and adam12s with predictive values
for preeclampsia, pregnancy induced hypertension and intrauterine growth re-
striction were analyzed in chapter 6 and chapter 7.

This thesis ends with a general discussion and future prospects in chapter 8.
A summary is given in chapter 9.
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Abstract

objective: 
Determine the reproducibility of  3D ultrasound (3dus) measurements of  fetal
and placental volumes.

methods: 
We included 34 pregnant women between gestational weeks (gw) 11 – 18. 
Two operators independently acquired fetal and placental volumes using 3dus.
Each volume was acquired twice and stored on disk for off-line analysis. 
Intra- and interobserver reproducibility was expressed in the intra- and interclass
correlation coefficient (intra-cc and inter-cc). In addition, the 3dus volumes 
acquired by the first operator were calculated by the second and vice-versa to
evaluate the effect of  volume acquisition and caliper placement. A value > 0.75

was considered a good agreement.

results: 
Fetal and placental volume measurements were successful in 97% of  all cases.
Between gw 11-14 and 14-18 the median fetal volume was 20.8 (5.0 – 35.1) and
51.7 (37.9 – 132.8) ml, the median placental volume was 71.3 (40.9 – 111.9) 
and 120.7 (94.2 – 273.7) ml. Bland-Altman plots were used for statistical analysis.
The intraobserver reproducibility was good for fetus (intra-cc: 0.99; 0.99) and
placenta (intra-cc: 0.99; 0.98). Also, interobserver reproducibility was good 
for fetus (inter-cc 0.98) and placenta (inter-cc 0.98). In addition, regardless 
of  the operator who acquired the volumes, the inter-cc remained good for both
fetus (inter-cc: 0.99; 0.99) and placenta (inter-cc: 0.97; 0.99).

conclusion: 
The reproducibility of  fetal and placental volume measurements by 3dus

 between gw 11 – 18 is good. In addition, individually chosen caliper placement
and volume acquisition has no effect on the calculation of  either volumes.



Introduction

In 1984 the first fetal volumes acquired by ultrasound were constructed by Brinkley
et al.1 Since then the development of  three dimensional ultrasound (3dus) imaging
assisted by computer technology made it possible to measure and calculate fetal
and placental volumes quickly and accurately. Measuring and monitoring fetal and
placental volumes at different gestational ages may improve our understanding
about physiological and pathophysiological mechanisms in fetal and placental
growth. Fetal and placental volumes have been used in screening for fetuses with
chromosomal abnormalities2-4, intrauterine growth restriction fetuses or preg-
nancies complicated by preeclampsia5-7. There are reports in the literature of  in-
creased placental volumes preceding preeclampsia, decreased placental volumes
preceding intrauterine growth restriction and decreased fetal volumes in fetuses
with chromosomal abnormalities.

Using 3dus for clinical purposes requires a critical evaluation of  all aspects of
reproducibility, including the effect of  operator selected caliper placement and
volume acquisition. Few studies have partially determined the reproducibility of
volume measurement using 3dus.3,8 Whereas these studies have focused primarily
on intra- and interobserver variability, we consider the effect of  volume acquisi-
tion and individually traced circumferences – that is, the difference between
measurements that are acquired by one operator and calculated by another – of
important additional value. The aim of  this study was to determine all aspects of
intra- and interobserver reproducibility of  fetal and placental volume measure-
ments in different women at different gestational ages.

Patients and Methods

Our prospective study included women who presented to our institution’s obstetric
department for sonographic examination between 11 till 18 weeks of  gestation.
Only singleton pregnancies with a known last menstrual period and sonographi-
cally confirmed gestational age were included. Our study was approved by the
Medical Ethic Committee of  VU University Medical Center. Informed consent
was obtained from all women after explanation of  the study. Exclusion criteria were
multiple pregnancies and fetal anomalies. All measurements were performed
transabdominally using a Technos mx (Esaote; pie Medical, Maastricht, the Nether -
lands) with a 3.5 MHz transabdominal annular-array probe with an externally
fixed 3D acquisition module and a magnetic tracking device.
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Placenta and fetal volumes were acquired using methods developed by Hafner and
colleagues in 1998.5,9 The placental site was located using 2-dimensional real-time
sonography, and a scanning plane parallel to the placental attachment area was
chosen. The volume box was optimized relative to the size of  the placenta and
volume scanning was performed. The volume was stored on magnetic optic
disks and calculated off-line to reduce examination time. For the actual placental
volume calculation the axis of  the narrowest placental depiction is used. A caliper
was used to trace the placental border and the circumference was recorded.
This procedure was repeated in parallel sections with a variable distance with a
maximum of  10 mm throughout the placental volume. At least 15 slices were
measured for each placenta. The ultrasound equipment calculated the volume
using the trapezoid volume formula V = ∑ (Aj + Aj-1) x (d j- d j-1), where A is the
traced area, d is the distance between the slices, j is the selected slice and j-1 is
the following slice.

The fetal volume was acquired and constructed using methods developed by
Hafner and colleagues.5,9 The fetus was depicted in a transverse view by 2-dimen -
sional sonography. The volume box was again optimized relative to the size of
the fetus, and volume scanning was performed. We repeated the scan when the
fetus moved or showed breathing movements during measurement. Volumes
were stored and analyzed off-line. For the actual fetal volume calculation, slices
at right angles to the mid axial plane were used. A caliper was used to trace the
fetal border and this procedure was repeated in at least 15 slices with a maximum
distance of  10 mm (figure 1). The measurement included head, neck, shoulders,
and trunk; the extremities were excluded. Volume was calculated by the ultra-
sound equipment using the trapezoid formula mentioned previously. From week
18 onward, the size of  the fetus and placenta usually exceeded the capacity of
the volume box, thus total volume measurements could not be performed. Our
measurements were therefore made between 11 and 18 weeks’ gestation.

The 3dus scans were performed by two experienced operators. Placental
and fetal volumes were acquired twice by the first operator with repositioning of
the probe after the first measurement. This was followed by the same volume
acquirement procedure by the second operator. Each operator was blinded for
the other’s volume acquirements. Total scanning time was approximately 5 to 6
minutes. After examination of  all patients, volumes were calculated off-line using
the image analysis software of  the ultrasound equipment. From this data, intra- and
interobserver variability expressed in intraclass correlation coefficient (intra-cc)
and interclass correlation coefficient (inter-cc) were assessed. In addition, the
volumes acquired by the first operator were assessed by the second operator
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and vice-versa to evaluate the effects of  caliper placement and volume acquisition,
expressed in inter-cc. A value of  > 0.75 was considered a good consensus for
the intra- and inter-cc. Statistical analysis was performed using spss version 12.0
(spss Inc., Chicago, il).

Intra-observer repeatability was expressed as the difference between two
measurement results obtained by the same observer. Bland-Altman plots were
constructed by plotting the difference between the 2 measurements against 
the mean of  all measurements in order to assess the relationship between the
difference and the magnitude of  the measurements. Limits of  agreement (mean
difference +/- 1.96 sd) were calculated as described by Bland en Altman10,11.

Systematic bias between the first and the second analysis was determined by
calculating the 95% ci for the mean difference. If  zero lay between these intervals,
no bias was assumed. Intra-observer repeatability was expressed as the intra-cc.

In the calculations for determining the inter-observer variance difference only
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figure 1 – Multiplanar technique for the measurement of  fetal volume. The grey lines in each 
plane represent the traced fetal circumference. Top left: saggital plane. Bottom left: transverse
plane. Bottom right: coronal plane. Top right: Multiplanar 3-dimensional fetal volume.



the first measurement of  an operator was used. Bland Altman plots were con-
structed to assess the systematic bias between the 2 operators and the relation-
ship between the difference between the 2 measurements and the magnitude of
the measurements. The mean of  all measurements was used as an estimate for the
magnitude of  the measurements. Bias between the two operators was deter-
mined by calculating the 95% ci for the mean differences. Limits of  agreements
were calculated as described by Bland and Altman. Inter-observer agreement was
expressed as the inter-cc.

Bland Altman plots were also constructed to assess the systematic bias be-
tween the measurements of  both operators of  a volume acquired by one of  the
operators and the magnitude of  the measurements. Inter-observer agreement
was also expressed as inter-cc. A value of  > 0.75 was considered a good con-
sensus for the intra-cc and inter-cc.

Results

Fetal and placental volume measurements were successfully performed in 33 of
34 cases; one case was excluded due to poor image quality related to maternal
obesity. The median maternal age was 34 and ranged from 21 to 43 years. The
median gestational age was 14 weeks (range, 11 – 18 weeks). The mean and median
placental and fetal volumes are shown in Table 1. The results of  fetal and placental
volumes by each operator are shown in Table 2. Both the intra- and interobserver
differences are normally distributed according to the Kolmogorov-Smirnov test,
which showed p-values > 0.05. Intraobserver reproducibility is shown in Table 3. 

The Bland-Altman plots for the intra-observer variability are shown in Figures
2 – 5. Interobserver variability is shown in Table 4. From the Bland-Altman plots
in Figure 6 and 7, it appears that there is no systematic bias between the 2 opera-
tors. Intra-cc and inter-cc values were high for fetal and placental volumes. The
limits of  agreement were wide. There was no systematic bias between any paired
measurement results, nor a clear relationship between the differences and the
magnitude of  the measurements. Log-transformed scores did not improve the
Bland Altman plot.

From the Bland-Altman plots in Figures 8 to 11, it is clear that there was no
difference in placental and fetal volume measurements when one operator per-
formed the acquisition with 3dus and the other operator traced the slices and
calculated the volumes. Table 5 shows high inter-cc values for both placental and
fetal volumes, regardless of  the acquiring or calculating operator. 

EARLY PRED ICTION OF PREECLAMPS IA AND IUGR24



table 1. Mean and median fetal and placental volume measurements (in ml) 
between gestational ages of  11 and 14 and 14 and 18 weeks.

Mean sd Median Range

Between 11-14 weeks
Fetus 21.5 8.16 20.8 5.00 - 35.1
Placenta 73.9 22.2 71.3 40.9 - 112

Between 14-18 weeks
Fetus 67.9 29.9 51.7 37.9 - 133
Placenta 131 47.2 121 94.2 - 274

table 2. Results of  the First (a) and Second (b) Series of  33 measurements 
of  Fetal and Placental Volumes (in ml) Obtained by Each of  2 Operators.

Operator Parameter Number of  Mean sd median range
measurements

I Fetus (a) 33 145.2 33.0 136.7 35.1 - 142
I Fetus (b) 33 146.0 33.2 137.5 34.7 - 144
II Fetus (a) 33 145.4 32.0 135.8 35.2 - 122
II Fetus (b) 33 145.0 31.0 138.6 35.1 - 122

I Placenta (a) 33 1102 46.9 194.0 39.1 - 271
I Placenta (b) 33 1104 51.0 196.2 37.5 - 277
II Placenta (a) 33 1105 46.4 1102 42.2 - 280
II Placenta (b) 33 1103 45.1 193.9 40.1 - 267
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table 3. Intraobserver Differences between the Results of  the First and 
the  Second Fetal and Placental Volume Measurement (in ml) for Each of  
the 2 Operators.

Intra-observer difference
Operator Parameter Mean Limits of  agreement 95% ci Intra-cc

I Fetus -0.77 -6.92 , 5.38 -1.88 - 0.34 0.99
II Fetus -0.34 -7.90 , 8.57 -1.15 - 1.83 0.99

I Placenta -2.17 -18.1 , 13.7 -5.05 - 0.70 0.99
II Placenta -1.20 -15.6 , 18.0 -1.84 - 4.24 0.98

table 4. Interobserver Differences of  Fetal and Placental Volumes (in ml)
 between Each Operator.

Intra-observer difference
Parameter Mean Limits of  agreement 95% ci Inter-cc

Fetus 0.14 -11.6 , 11.9 -1.99 - 2.26 0.98
Placenta 2.47 -19.4 , 24.4 -1.49 - 6.44 0.98
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figure 4 – Bland-Altman plot of  the intraobserver differences for placental volumes for operator i.
figure 5 – Bland-Altman plot of  the intraobserver differences for placental volumes for  operator ii.

figure 2 – Bland-Altman plot of  the intraobserver differences for fetal volumes for operator i.
figure 3 – Bland-Altman plot of  the intraobserver differences for fetal volumes for operator ii.

figure 6 – Bland-Altman plots of  the interobserver differences for fetal volumes between operators.
figure 7 – Bland-Altman plot of  the interobserver differences for placental volumes between operators.
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figure 8 –  Bland-Altman plot of  the interobserver differences for fetal volumes acquired by 
operator i.

figure 9 – Bland-Altman plot of  the interobserver differences for placental volumes acquired by
 operator i.

figure 10 –  Bland-Altman plot of  the interobserver differences for fetal volumes acquired by 
operator ii.

figure 11 – Bland-Altman plots of  the interobserver differences for placental volumes acquired
by  operator ii.



table 5. Interobserver Differences between Fetal and Placental Volumes  Measurements 
Acquired by One Operators and Calculated by the Other, and Vice Versa.

Interobserver difference

Acquisition Calculation Compared Volume Number Mean sd Limits 95% Inter-

by by with of of ci cc

Operator Operator Calculation Images Agreement 

of

Operator

I II I Fetus 33 1.02 3.79 -6.41 , -0.32 - 0.99

8.45 2.37

II I II Fetus 33 -0.17 2.54 -4.99 , -0.92 - 0.99

4.96 0.88

I II I Placenta 33 0.31 10.8 -20.9 , -3.54 - 0.97

21.5 4.15

II I II Placenta 33 -1.56 6.13 -13.6 , -3.37 - 0.99

10.5 0.61
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Discussion

Sonographic measurement of  fetal and placental volumes has been proposed as
a tool for screening fetuses with chromosomal abnormalities2-4 or predicting in-
trauterine growth restriction or pre-eclampsia5-7. Before using volume measure-
ments in a clinical setting and assessing their predictive value, reproducibility
should be tested.

The data reported in this study clearly show that the 3dus measurements
and calculation of  fetal and placental volumes is highly reproducible both by the
same and by different operators. In addition, operator-selected caliper place-
ment and volume acquisition has no significant effect on the calculation of  either
volume. Intraobserver agreement was very high for both fetal volume (0.99 and
0.99) and placental volume (0.99 and 0.98). Additionally, interobserver scores
were high for both fetal and placental volume (0.98 and 0.98, respectively). The
slightly higher variability of  placental volumes is probably caused by less optimal
distinction of  the placental margins from the uterine wall compared with the
margins of  the fetus. The latter is surrounded by amniotic fluid and therefore is
easily distinguished from its surroundings. Our data appear to indicate that there
is no significant effect of  individual differences in caliper placements and volume
acquisition.

Few studies have partially assessed the reproducibility of  fetal and placental
volumes via 3dus. These studies primarily describe intra- and interobserver vari-
ability, but do not mention the effect of  individual differences in caliper placement
and volume acquisition. Good inter- and intraobserver variabilities for placental
volumes were first described in 1998 by Hafner et al.5 In a large pro spective study
by Wegrzyn et al.,3 417 fetuses and placentas were included. Bland-Altman plots
for placental volume showed a mean difference between paired measurements
by same operator of  0.6 mL (limits of  agreements [95%] – 6.1, – 7.4 mL) and a
mean difference between two operators of 0.7 mL (limits of  agreement [95%] 
– 10.5, – 13.1 mL). These results are comparable to our results, although the mean
differences found by these authors are slightly smaller. Interobserver variability for
fetal volumes was previously described by Aviram et al.12 in a study of  36 fetuses;
no significant differences were found between 2 operators. No exact numbers
were reported in this study, however. Good intra- and interobserver variability was
also mentioned by Hafner et al.9 in 2001. More recently, Falcon et al.8  assessed
variability of  fetal volume measurements, showing a mean difference  between
paired measurements by the same operator of  – 0.87 mL (limit of  agree  ment
[95%] – 2.31, – 4.05 mL) and a mean difference between paired measurements by

EARLY PRED ICTION OF PREECLAMPS IA AND IUGR30



two operators of  – 1.09 mL (limits of  agreement [95%] – 5.49, – 3.32 mL). These
findings are comparable to our results. Wegrzyn et al. and Falcon et al. used dif-
ferent ultrasound equipment for their measurements, and we believe the differ-
ence in image quality compared to our ultrasound equipment is responsible for
the small differences in intra- and interobserver variabilities for placental volumes.
Higher image quality can improve distinction between the margins of  the placenta
and the uterine wall, thereby decreasing interobserver variability.

The effect of  having caliper placement and volume acquisition performed by
one operator and volume calculation performed by another has not been de-
scribed previously. Our results show that there is no significant effect of  that
combination on the calculated placental and fetal volumes. This finding is helpful
when implementing volume scanning in prenatal screening programs: because it
reduces total examination time.
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Introduction

Although three-dimensional ultrasound (3dus) was already being used in the early
1980’s1-3 and the first commercially available three-dimensional scanner was pre-
sented in 1989 in Paris at the International Radiology Congress4, it has only been in
the recent decades that the technology has found its way into clinical applications.
This rapid development is mainly due to the equally rapid development of  com-
puter processor technology, essential for three-dimensional ultrasound. Originally
used as a tool for creating a surface mode showing the face of  the fetus and gender
abnormalities, its application has become much broader nowadays. The technique
is now becoming more important in obstetrics and gynecology, but also in many
other fields such as cardiology, surgical applications and urology. Three-dimen-
sional ultrasound is an easy, quick and cheap imaging technique without any known
adverse effects on the mother or developing fetus as stated by the American
 Institute of  Ultrasound in Medicine (aium). In addition, it is reported by various
 authors to be very accurate in assessing volumes5-9. Furthermore, it has been
suggested that both two- and three-dimensional ultrasound, especially in the 1st

and 2
nd trimester, are of  positive influence in initiating the bonding between

mother and infant10.
Although the technique of  3dus is relatively new, its clinical importance has

already been established in prenatal diagnosis and is likely to continue to increase.
This review will provide an overview of  the current applications of  three-dimen-
sional ultrasound measurements of  placental and fetal volumes in fetal medicine.

Fetal volume

Acquiring fetal volumes can improve our understanding of  the physiology and
pathophysiology of  fetal growth. Brinkley was the first to conclude in 1982 that
3dus head-to-trunk reconstructions were accurate measurements of  total fetal
volume. He performed two-dimensional ultrasound (2dus) fetal head-to-trunk
volume measurements on intra uterine demised fetuses and compared those with
their post partum volume, measured by water displacement1. The study revealed
a very high correlation (r = 0.999) between 3dus volumes and fetal volume; al-
though fetal volume was underestimated due to the absence of  3dus limb volume
measurement (regression coefficient = 1.73). A few years later, Brinkley also
conducted a research of  41 fetuses within 48 hours prior to delivery and used
multiple length and volume variables to estimate birth weight. From this data,
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Brinkley concludes that 3dus measurements would provide the best prediction
of  fetal weight and would enable monitoring of  fetal growth in the future, taking
into account the rapid evolving computer technology in the early 80’s11. Various
3D reconstruction and volumes estimations using different time intervals have
been done since Brinkley’s research. All studies focused on first and early second
trimester measurements, since the size of  fetuses in the late second and third
trimester usually exceeds the volume box and is therefore impossible to per-
form. Fetal volumes were estimated in week 7 until 10 of  gestation by Blaas et al.12,
in week 11-14 by Hull13 in week 15-17 by Hafner14 and in week 11-18 of  gestation by
Deurloo et al.15 In 2006, we performed a study to assess reproducibility of  3dus

placental and fetal volume measurements in week 11-18 of  gestation, which showed
good reproducibility and might be used in a clinical setting15.

Another up-to-date development is published by Blaas et al., who evaluated
fetal whole-body volumes in the first trimester with addition of  fetal limbs16.
Since fetal limbs represent a significant proportion of  the fetal body volume, it is
not surprisingly that volume estimations are more accurate when these are in-
cluded. However, the fetal volume needs to be segmented into different parts
which should be measured separately and the sum these parts will be the estimate
of  the total fetal volume. This requires advanced ultrasound equipment and is
more time consuming (approximately 20-30 minutes) than head-to-trunk volume
measurements (approximately 5-10 minutes). Although limbs account for almost
10% of  the total volume, it is yet to be determined if  these extensive measure-
ments are a useful addition and have clinical relevance in detecting abnormalities
in fetal growth and size.

In 2004, first trimester fetal volume normograms were created by Aviram et al.17

They studied 72 fetuses and found a high correlation between first trimester
crown-rump length and 3dus estimated fetal volumes (r = 0.94). A reference
table was constructed for week 6 to 12 which can serve as a tool for diagnosis of
early pregnancy failure. Falcon performed several studies on fetal volumes to es-
tablish the relationship between normal and aneuploid pregnancies in the first
trimester18-20. He also created normograms for fetal head-trunk volumes based
on 417 fetuses, which he used for early identification of  growth restriction in ane-
uploid fetuses. They found about 40-45% smaller head-trunk volumes in fetus
with trisomy 13, 18 and triploidy, and 10-15% in Turner syndrome and trisomy 21

compared to normal fetuses and suggested that 3dus head-trunk volumes has
more predictive value than crl measurements. In addition, head-to-trunk ratios
were used in normal and abnormal fetuses to differentiate between symmetrical
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or asymmetrical growth restriction. Symmetrical growth restriction (equally af-
fected trunk and head volumes) was found in trisomy 21 and Turner syndrome, in
contrast to the asymmetrical growth restriction (trunk more affected than head) in
trisomy 13, 18 and triploidy. The latter is possibly caused by placental insufficiency
due to placental maldevelopment and consequently redistribution in the fetal cir-
culation.

Placenta

Measuring placental size and growth throughout gestation may differentiate be-
tween physiology and pathophysiology of  placenta growth. In the early eighties,
Geirsson et al. studied the use of  measuring placental volumes in normal and ab-
normal pregnancies21,22. However, measurements were based on 2dus measure-
ments and required complicated and time consuming computations. Since the
introduction of  3dus placental volumes can be acquired quickly and easily.

Reproducibility of  measuring placental volumes has been examined thoroughly
and is found to be very good between different observers15, 23-26. Also, Metzen-
bauer et al. showed that there seems a reasonable association between the first
trimester placental quotient (placenta volume divided by crown-rump length) and
birth weight percentile in a group of  1476 pregnancies dived into, below the 10th,
10

th to 50
th, 50

th to 90
th and above the 90

th percentile27. However,  placenta vol-
ume measurements are limited by the size of  the volume box of  the ultrasound
equipment and therefore can only be accurately performed before 18 weeks of
pregnancy15.

Placental volumes have been studied in their relationship to chromosomal
abnormalities, hypertensive disorders in pregnancy and small-for-gestation fetuses.
Wegrzyn et al. and Metzenbauer et al. studied placental volumes in chromosomal
abnormal fetuses in the first trimester25,28. Metzenbauer et al. evaluated 17 fetuses
with a major chromosomal defect and used the placenta quotient to compare
normal and abnormal fetuses and found significantly lower median placenta quo-
tients in the chromosomally abnormal group (abnormal versus normal: 0.67

 versus 0.98). He suggested that this placenta quotient could be used as an im-
provement of  first-trimester screening for chromosomal anomalies. A few years
later, Wegrzyn et al. evaluated 500 fetuses including 83 major chromosomal
 abnormalities and found only lower placenta volumes in trisomy 13 and 18. In tri-
somy 21 and Turner syndrome placental volumes were not significantly different
compared to normal fetuses.
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He suggests that the combination of  maternal age with fetal nt and maternal
serum free beta-hCG and papp-a has a good detection rate of  more than 90%.
Since there is significant correlation between maternal serum free beta-hCG and
papp-a and placental volume, there is not much additional value to be expected
from additional placental volume measurements29. Therefore, Wegrzyn concludes
that first trimester measurement of  placental volumes is not likely to improve
detection rate of  chromosomal abnormalities.

Wegrzyn also evaluated the placental volumes in twin and triplet pregnancies in
the first trimester and constructed normograms. Placental volumes were divided
by the number of  fetuses are respectively 83% and 76% of  the placental volumes
in singletons30. These percentages in the first trimester are the closely related to
the percentages when comparing birth weight and placental weight in twins or
triplets versus singleton pregnancies. The clinical relevance of  these results
should be examined in the future, since there were no multiple pregnancies with
adverse fetal or maternal outcome included.

Placenta volumes have also been studied to elucidate the relationship between
placenta volumes and alpha-thalassemia. Chen et al. suspected larger placenta
volumes in fetuses affected by alpha-thalassemia due to fetal anemia and hypoxia
and subsequent placentomegaly26, but was unable to find significant differences
with fetuses without alpha-thalassemia.

Most authors who examined placental volumes focused on their relationship
with hypertensive disorders or small-for-gestation or growth restricted fetuses.
Hafner et al. was the first to evaluate this relationship in week 16 to 23 of  gestation
and discovered decreased placenta volumes in sga fetuses (birth weight below
10

th percentile). Unfortunately, predictive values were low with a sensitivity of
52.5% and a specificity of  82.5%. In 2001, they evaluated placenta volumes in
week 15 to 17 of  gestation and a quotient of  fetal and placenta volume was devel-
oped to relate placental size to fetal size and to be able to compare different
pregnancies more easily14. They suggest that the quotient of  fetal and placenta
volumes might assist in early detection of  high risk pregnancies by the finding of  a
large fetus with a small placenta. These findings are supported by the found rela-
tionship between second trimester Doppler ultrasound in the uterine arteries
and placental size: placentas of  women with high resistance uterine perfusion in
the second trimester are already remarkably small in the first trimester. There-
fore placental volume measurements might be an efficient method for early iden-
tification of  impaired trophoblast invasion and subsequent hypertensive disorders
in pregnancy24. Hafner et al. also investigated placental growth in normal preg-

37CHAPTE R 3 CLINICAL USE OF THREE-DIMENSIONAL ULTRASOUND FETAL 
AND PLACENTAL VOLUMES



nancies and pregnancies complicated by sga-fetuses or preeclampsia, but they
conclude that placental growth between week 12 and 22 is too heterogeneous to
be used as a clinical tool, although it might provide an insight in placental physiol-
ogy and pathophysiology31.

Three-dimensional ultrasound can also be used to visualize placenta ab nor-
malities, such as chorioangioma, hematoma, placental cysts or subplacental
 fibromas32. These abnormalities are already easily imaged by 2dus, but 3dus can
enhance their visualization, increase their identification and act as a supplement
to 2dus.

In conclusion

Three-dimensional fetal and placental volume measurements are easy, accurate
and highly reproducible. The measurements are limited by gestational age, since
late second trimester volume scans usually exceed the volume box. Clinical useful
information about aneuploid fetuses can be obtained in the first and early second
trimester, although literature reports no increase in predictive values of  current
screening tests. First trimester measurements of  fetal and placental volumes in
prediction of  hypertensive disorders or isolated iugr have not been published
yet, and therefore their role in early identification remains yet to be determined.
However, second-trimester placental volume measurements seem promising in
early identification of  pregnancies complicated by growth restricted fetuses or
hypertensive disorders.
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Abstract

objective:

The purpose of  this study was to examine the longitudinal relationship between
Doppler flow velocity waveforms of  the spiral artery (ua) and uterine artery (sa)
in pregnant women.

methods:

Ninety-seven primigravidas with uncomplicated singleton pregnancies were
analyzed. Spiral artery (sa) and combined ua velocity waveforms were assessed
by transabdominal ultrasound color Doppler at gestational ages of  11 through 13,
14 through 17, and 18 through 24; each measurement was performed twice. The
pulsatility index (pi) was calculated for the left and right ua, and the results were
averaged as a combined ua. In addition, the presence of  ua bilateral notching
was reported. Bland-Altman plots and generalized estimating equations were
used to assess intraobserver variability and the longitudinal relationship between
sa and ua blood velocities.

results:

A total of 284 ua and 263 sa Doppler flow measurements were analyzed.
Intraobserver variability rates for the sa and the ua were 0.54 and 0.90,
respectively. Results showed a continuous decrease of  the mean pi in sa and ua

with increasing gestational age. Uterine artery bilateral notching was reported 
in 35%, 9% and 3% of  the cases at gestational age 11 through 13, 14 through 17,
and 18 through 24. Generalized estimating equation analysis showed a significant
correlation (r = 0.41) between the sa and ua (p < 0.0001).

conclusion: 
Uterine artery Doppler measurements in early pregnancy seem to accurately
reflect peripheral resistance of  sa’s. Furthermore, trophoblastic invasion seems
a continuous process in the first half  of  pregnancy, in which early ua bilateral
notching is a physiological event.



Introduction

Uterine arteries (ua’s) are the main arteries for blood supply of  the pregnant
uterus. After branching from the hypogastric artery, they further divide into basal
and radial arteries and, finally, into spiral arteries (sa’s). In the first half  of  preg-
nancy during trophoblastic invasion, the sa’s are remodelled into dilated inelastic
vessels capable of  supplying large amounts of  blood to the placenta and the devel -
oping fetus. This physiologic process is only partly understood but is responsible
for the development of  a functional uteroplacental circulation.1,2

Impaired remodeling due to shallow trophoblastic invasion is associated with
maintenance of  high- resistance low-flow sa’s as comparable to the nonpregnant
uterus and related to possible subsequent development of  intrauterine growth
restriction (iugr) and hypertensive disorders, such as preeclampsia (pe).2-5

Uterine artery Doppler measurements are thought to reflect the impedance
to flow in sa’s during trophoblastic invasion. The resistive index (ri) and pulsatility
index (pi) as well as notching of  the ua have been used alone or in combination
with other maternal markers for early identification of  pregnancies complicated
by preeclampsia, pregnancy-induced hypertension or iugr in numerous reports.6-9

The combination of  high resistance and the persistence of  bilateral notching until
week 24 of  gestation has been reported as a predictive tool for adverse pregnancy
outcome.10-15 Overall, these reports showed high negative predictive values but
moderate positive predictive values.

The ua’s and sa’s are presumed to be closely related, and first- or second-
trimester sa flow velocity waveforms are quickly obtained by sonography.16-18

Therefore, several authors have examined the usefulness of  sa Doppler meas-
urements for screening purposes in complicated pregnancies; however, their
predictive values remain questionable, ranging from good to poor.18-20

While we were studying the sa Doppler measurements for prediction of  com -
plicated pregnancies, we noticed that there were no studies available that confirm
the assumed relationship between sa and ua Doppler measurements. Therefore,
we performed an analysis of  the uncomplicated pregnancies in our study group to
confirm this relationship by using longitudinal data, and we assessed intraobserver
reliability.
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Material and Methods

Women undergoing sonographic evaluations in our obstetric department before
week 11 of  gestation were asked to participate in a prospective clinical study analyz -
ing hypertensive disorders in pregnancy. To be included in the analysis, women
had to be nulliparous with singleton pregnancies, a known last menstrual period
and a sonographically confirmed gestational age. Exclusion criteria were the pres-
ence of  fetal anomalies. In addition, women with complicated pregnancies such
as hypertension, preeclampsia, hellp (hemolysis, elevated liver enzyme levels, and
low platelets), and iugr were excluded from this analysis.

The Medical Ethics Committee of  the VU University Medical Center approved
our study. Written informed consent was obtained from all women after expla-
nation of  the study. All measurements were performed transabdominally with an
Esaote Technos mx Ultrasound system (pie Medical Imaging bv, Maastricht, the
Netherlands) and a 3.5 MHz transabdominal annular array probe.

A single examiner performed all measurements in a quiet room with the patient
in a supine position. Measurements were performed when uterine contractions
were absent and on 3 different gestational ages: 11 through 13, 14 through 17, and
18 through 24 weeks. Each measurement was performed in a similar way: after a
fetal anatomy survey, fetal biometric measurements and amniotic fluid amount
were estimated and recorded. Then we used Color Doppler Sonography to detect
both ua’s and 2 different sa’s.

For detection of  the sa’s, we used methods described by Murakoshi and co-
workers19: we obtained flow velocity waveforms from the color-coded vascular
area just beneath the placenta. Spiral arteries were mainly identified by their
characteristic waveform pattern but also discriminated from the radial and basal
arteries by their localization just beneath the placenta (figure 1). When clear color
flow imaging was obtained, the Doppler gate was adjusted to the size of  the ves-
sel, usually 1 mm without changing the angle between the Doppler beam and the
vessel because the direction of  the flow is very difficult to determine. Wall filters
were set at a minimal level to detect the slowest blood flow. Waveforms were
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sampled from 2 different sites beneath the central region of  the placenta, at least
3 cm away from the placental margin, avoiding insonation of  sonographically de-
tectable pathologic lesions such as infarction or clarification. Because there are
differences in impedance indices obtained in the central region compared to the
peripheral region of  the placenta, we chose to perform all measurements within
the central region of  the placenta.

For detection of  the ua, we used methods described by Jurkovic et al.16: both
ua’s were identified on Color Doppler imaging, and sampling was performed on
each side of  the ua at approximately 1 cm from the crossing points of  the exter-
nal iliac. The Doppler gate was adjusted to the size of  the vessel, and the angle
between beam and vessel was less than 10° to eliminate angle-dependent errors.
Wall filters were set at a minimal level to detect the slowest blood flow, and at least
3 sequential good waveforms were obtained. The diastolic notch was defined as
a clearly defined upturn (angle of  ≤90°) of  the flow velocity waveform at the be-
ginning of  diastole (after the deceleration slope of  the primary wave), which was
present in all the waveforms.

Each sa and ua was measured twice with repositioning of  the probe after the
first measurement. Flow velocity waveforms were stored and analyzed online.
Pulsatility indices were calculated immediately.

The course and outcome of  the pregnancy were obtained by written follow-
up and examination of  the medical records. We recorded all complications during
pregnancy, the mode of  delivery, the neonatal sex, the birth weight, and perinatal
complications.

Data analysis

Spiral artery and ua flow velocities were analyzed by the pi: (peak systolic flow –
end-diastolic flow) / mean total flow. In sa’s, the averaged pi’s values of  2 different
sites were used to calculate the mean peak systolic, end-diastolic and total flow.
In ua’s, the averaged pi’s of  the right and left artery were used.

Statistical analysis

Bland-Altman plots were used to assess intraobserver reliability for sa and ua

meas urements.21 Intra-observer reliability was expressed as an intraclass correla-
tion coefficient (intra-cc).
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To analyze the longitudinal relationship between combined sa and ua measure-
ments, we used generalized estimating equations analysis in spss for Windows
version 15.0 (spss Inc., Chicago, il). P < 0.05 was considered significant.

Results

A total of  136 pregnant women were included in the original study. Excluded were
women with complicated pregnancies as described in “Material and Methods”
(26 women) and parous women (13 women), resulting in 97 primigravidas with
uncomplicated pregnancies. Mean maternal age was 32.3 (range 20-41) years, and
the mean bmi was 22.3 (range 17-28) kg/cm². Color Doppler measurements were
performed successfully in most cases; ua’s were successfully measured in 98%
(284/291) of  all cases, sa’s in 90% (263/291) of  all cases. Most common reasons
for unsuccessful measurement were poor image quality due to maternal obesity,
a posterior placenta and overlying fetal parts.

Analysis showed that the mean pi’s in spiral arteries and the right and left ua’s
decreased progressively with gestational age. In the sa’s, the mean pi decreased
from 0.54 (5th – 95

th percentiles, 0.30 – 0.77) to 0.42 (0.21 – 0.64) in weeks 11
through 24 of  gestation. In the same period, the mean pi in both left and right ua

decreased from 1.33 (0.10 – 2.54) to 1.01 (0.24 – 1.78; Table 1).
Uterine artery bilateral notching was seen in 35% of  all cases in gestational

week 11 through 13, decreasing with advancing gestational age to 9% and 3% in
gestational weeks 14 through 17 and gestational weeks 18 till 24, respectively
(Table 2).

The intraobserver differences were normally distributed. Intraobserver relia-
bility was moderate for sa Doppler measurement (intra-cc = 0.54) and good for
ua measurements (intra-cc = 0.90). There was no systematic bias or relation-
ship between the differences and the magnitude of  the measurements. The mean
difference was 0.01. A Bland-Altman plot for intraobserver reliability for sa

measurements is shown in figure 2.
Generalized estimating equation analysis showed a significant longitudinal cor-

relation between combined ua and sa blood flow (p< 0.0001). The correlation
coefficient between the sa and both ua’s was 0.41 (Figure 3). When the total
group was divided in presence or absence of  ua bilateral notching, only in cases
without ua bilateral notching did a significant correlation (r = 0.33, p < 0.0001)
between sa and ua pi remain; in cases with bilateral notching, no significant cor-
relation (r = 0.18; P = 0.261) was found.
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table 1. Mean pi’s of  the sa and Combined Left and Right ua’s 
at Different  Gestational Ages.

Gestational Age, wk Mean sa (± 2 sd) Mean ua (± 2 sd)

11 – 13+6 0.54 (0.30 – 0.77) 1.33 (0.10 – 2.56)
14 – 17+6 0.51 (0.25 – 0.77) 1.21 (0.30 – 2.12)
18 – 24+0 0.42 (0.21 – 0.64) 1.01 (0.24 – 1.78)

table 2. Numbers and Percentages of  Pregnant Women with Absence 
or Presence of  ua Bilateral Notching at Different Gestational Ages.

ua Bilateral notching
Gestational Age, wk Absence Presence total Presence, %

11 - 13+6 62 33 95 35
14 - 17+6 87 9 96 9
18 - 24+0 94 3 97 3
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figure 3 – Scatterplot and correlation coefficient of  spiral and uterine artery pulsatility indices.



Discussion

The ua’s are responsible for the main blood flow to the pregnant uterus. They
branch into sa’s, which become high-flow low-resistance vessels during tro-
phoblastic invasion due to not completely elucidated physiologic mechanisms.
From early pregnancy, the development of  high-flow and low- resistance sa’s is
assumed to be reflected in the decreasing impedance to flow in the ua’s, the  l -
atter being widely used as an early second-trimester predictive tool for compli-
cated pregnancies, but although highly specific, they are generally lacking
sen  sitivity.12-15,22,23 Therefore, several authors have focussed on the evaluation of
sa Doppler measurements instead of  uterine arteries for predictive purposes.18-

20 Although generally assumed to be correlated, to our knowledge, the relation-
ship between sa and ua Doppler measurements has not been reported
previously. Our results support the assumption that ua Doppler measurements
are a reflection of  changes in the sa’s that occur during placentation.

Furthermore, our longitudinal study results show that the pi’s of  the sa’s and
ua’s decrease progressively with advancing gestational age, our findings and ref-
erence ranges are consistent with previous reported literature.2,19,20 These studies
suggest that trophoblastic invasion occurs continuously in the first and second
trimesters of  pregnancy, which is in concordance with histological studies on
uteroplacental sites in uncomplicated pregnancies and in contrast to the ‘2-wave
invasion’ model by Pijnenborg.1,2

Our results show that sa and ua Doppler measurements are significantly
correlated. A decrement in sa Doppler indices is seen when ua Doppler indices
decrease. This confirms the suggestion that impedance to sa blood flow is reflect-
ed in ua blood flow. However, correlation coefficients were moderate, which
was probably due to the measurement of  2 sa’s in a large amount of  sa’s (ap-
proximately >100 arteries) in different state of  trophoblastically induced modifi-
cation. This was also reflected in the moderate intra-cc’s for the sa Doppler
measurements.

Uterine artery bilateral notching in this uncomplicated group shows a high
incidence (35%) in the first trimester, which decreases with increasing gestational
age to approximately 3% in late second trimester. We think this reflects normal
placental development in which high-resistance uterine vessels progress to low-
resistance vessels due to sa modification by progressive invasion of  trophoblastic
cells. Therefore, because first-trimester bilateral notching seems a regular physi-
ologic phenomenon in uncomplicated pregnancies, it is probably not a specific
marker for early detection of  complicated pregnancies. In our study, a significant
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correlation between ua and sa Doppler measurements remained in the group
without bilateral notching. The absence of  a significant relationship in the group
with bilateral notching is most likely due to small numbers in that group, especially
in the late second trimester (Table 2).

To our knowledge, a study that extensively examined the relationship be-
tween sa and ua Doppler measurements has not been reported previously, and
on the basis of  our results, we conclude that they are significantly correlated. Es-
pecially since our results are gained from a prospective longitudinal setting, we
think that our data give a realistic view on this relationship.

In addition, because primigravidas have higher ua ri’s compared with parous
women, we choose to solely include primigravidas in our analysis to avoid diluting
our primary data and increase the change of  finding relevant significant correla-
tions.24

However, we did find moderate intra-cc’s for sa Doppler measurements
and high intra-cc for ua Doppler measurements. Because the ua’s are 2 clearly
defined vessels, high intra-cc are easily achieved. On the contrary, sa’s are numer-
ous, and because of  regional difference in trophoblastic invasion and subsequent
differences in arterial wall modification, Doppler measurements can therefore
result in different pi and ri outcomes. Increasing the number of  measurements
will minimize this issue but will cause lengthening of  examination time, which can
be costly and uncomfortable for patients.

Compared with ua Doppler flow measurements, sa Doppler flow measure-
ments are unlikely to have better predictive values because of  broad differences
in individual sa flow capacity and velocity. Although significantly correlated with
ua’s, the individual differences in sa’s are wide between individual vessels, and it
is more likely that ua Doppler measurements in combination with the absence or
persistence of  bilateral notching in the early second trimester (gestational weeks
18-24) are better predictive tools for adverse pregnancy outcome.

We conclude that in uncomplicated pregnancies, multiple ua Doppler meas-
urements clearly reflect the decreasing impedance to flow in sa’s and therefore
the ongoing placental development. In addition, trophoblastic invasion seems a
continuous process in which first-trimester bilateral notching is probably a physi-
ologic phenomenon. It seems unlikely that sa Doppler measurements will be
more specific predictive tools than ua Doppler measurements for earlier identi-
fication of  complicated pregnancies.
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Abstract

objective:

To construct reference ranges for spiral artery (sa) flow velocities and 
examine the possibility to predict intra uterine growth restricted (iugr) fetus,
pregnancy-induced hypertension (pih) and/or preeclampsia (pe).

methods:

Spiral artery blood flow velocity measurements were performed using Color
Doppler between 11 to 13+6, 14 to 17+6 and 18+0 to 24 weeks of  gestation,
each measurement was performed twice. Spiral artery flow velocities were
analyzed with multilevel modeling: individual regression curves were estimated
and combined to obtain the reference intervals for sa flow velocities in 
normal pregnancies. Mann-Whitney U tests was used to compare the deviation
from expected flow velocity between normal and complicated pregnancies.

results:

One hundred and eight pregnancies were included; 10 pregnancies were
complicated with iugr fetuses (<P10), 7 were complicated with pih and 
4 pregnancies were complicated with preeclampsia. In the uncomplicated
pregnancies, systolic/diastolic (sd) ratios, resistance index (ri) and pulsatility
index (pi) decreased progressively with advancing gestational age. The best 
fits for sd, ri and pi versus gestational age were linear regression equations.
According to these equations, the mean predicted sd ratio decreased from 1.75

at 11 weeks of  gestation (P5 – P95: 1.32 – 2.17) to 1.48 at 24 weeks of  gestation
(P5 – P95: 1.01 – 2.2). The predicted ri en pi showed similar decrement: mean 
ri from 0.44 (P5 – P95: 0.26 – 0.60) at 11 weeks of  gestation to 0.34 (P5 – P95: 
0.15 – 0.50) at 24 weeks of  gestation, mean pi from 0.59 (P5 – P95: 0.31 – 0.75) 
at 11 weeks of  gestation to 0.40 (P5 – P95: 0.11 – 0.66) at 24 weeks of  
gestation. The Mann-Whitney tests found no difference in ri, sd-ratio or pi

in pregnancies complicated by pe and iugr fetuses. However, significantly lower
ri, pi and sd-ratio were found preclinically in pregnancies complicated by pih.



conclusion: 

Spiral artery flow velocities decrease progressively with advancing
gestational age. Reference ranges for sa blood velocities are wide and
early measurements of  pi, ri or sd-ratios are not sensitive enough to
predict preeclampsia, pih or iugr fetuses. The significantly lower sa

impedance values preceding pregnancies complicated by pih are likely
caused by a hyperdynamic circulation in women with preexistent
hypertension.



Introduction

Hypertensive disorders occurring during pregnancy are complications with poorly
understood etiology, but it is generally believed that the impaired trophoblastic
invasion and the subsequent lack of  modification of  spiral arteries play an impor-
tant role in the development of  these complications.1 Histological studies show
that in uncomplicated pregnancies the invasion of  the trophoblastic cells extends
to the decidual and myometrial segments, changing the spiral arteries to low-
 resistance vessels capable of  supplying high amounts of  blood to the placenta. In
hypertensive disorders, the trophoblastic invasion is usually restricted to the decid-
ual segments leaving the myometrial segment of  the spiral arteries unchanged and
retaining their musculo-elastic wall.1-3 This results in vessels with high resistance,
these could eventually lead to impaired uteroplacental perfusion and subsequent
hypertensive disorders or intra uterine growth restriction (iugr).4-6

Non-invasive study of  the spiral artery velocimetry can be done easily using
Color Doppler ultrasound. One of  the first (transvaginal) Color Doppler meas-
urements was performed in the early nineties by Jurkovic and coworkers, since
then the technological advances in obstetric ultrasound made Color Doppler
measurements of  spiral arteries more precise and accessible for transabdominal
approach.7 Color Doppler velocimetry and reference ranges for spiral arteries in
uncomplicated pregnancies have been described by the same authors, showing
progressively decreasing indices of  impedance to flow with advancing gestational
age.7 The relationship between the blood flow velocimetry and pregnancies com -
plicated by hypertensive disorders or iugr have also been described before by
several authors with different results.8-10 However, these studies were based on
cross-sectional or matched-pairs data. The current study is a prospective longi-
tudinal study and we used multilevel analysis for statistical analysis. Therefore, our
objective was to establish longitudinal reference ranges for serial measurements
of  spiral artery blood flow velocities and then find their relationship with pre -
eclampsia (pe), pregnancy induced hypertension (pih) and pregnancies compli-
cated by iugr.

Methods

Women, who presented in our obstetric department for ultrasound evaluation
before week 11 of  gestation, were asked to participate in our prospective clinical
trial. Since hypertensive disorders in pregnancy have low incidence, we included
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only those women at risk for developing a complicated pregnancy, such as primi-
gravidas or women with a history of  a complicated pregnancy. In addition, their
present pregnancies had to be singleton with known last menstrual period and
ultrasound confirmed gestational age. Exclusion criteria were multiple pregnan-
cies and/or fetal anomalies. The Medical Ethic Committee of  VU University
Medical Center approved our study. Written informed consent was obtained
from all women after explanation of  the study. All measurements were per-
formed transabdominally using a Technos mx (Esaote – pie Medical, Maastricht,
the Netherlands) with a 3.5 MHz transabdominal annular array probe with an in-
tegral 3D program.

A single examiner performed all measurements in a quiet room with the patient
in supine position. Measurements were performed when uterine contractions
were absent, and on three different occasions: one measurement between week
11-13+6, one between 14-17+6 and one in 18-24 of  gestation. Each measurement
was performed in a similar way: after fetal anatomy survey, the fetal biometry
and amniotic fluid amount were estimated and recorded. Then we used Color
Doppler ultrasound to detect at least two spiral arteries. For detection of  the
spiral arteries we used methods described earlier by Murakoshi and coworkers:
we obtained flow velocity waveforms from the color-coded vascular area just
beneath the placenta. Spiral arteries were mainly identified by their characteristic
waveform pattern (Figure 1) and also discriminated from the radial and basal ar-
teries by their localization just beneath the placenta. When clear color flow imag-
ing was obtained, the Doppler gate was adjusted to the size of  the vessel, usually
1 mm without changing the angle between the Doppler beam and the vessel since
the direction of  the flow is very difficult to determine. Wall filters were set at a
minimal level to detect the slowest blood flow. Waveforms were sampled from at
least two different sites beneath the central region of  the placenta, at least 3 cm
away from the placental margin, avoiding insonation of  sonographically detectable
pathological lesions such as infarction or clarification.10 Since there are significant

57CHAPTE R 5 COLOR DOPPLER ULTRASOUND OF SPIRAL ARTERY BLOOD FLOW FOR  PREDICTION OF
HYPERTENSIVE DISORDERS AND INTRA UTERINE GROWTH RESTRICTION: A LONGITUDINAL STUDY

figure 1 – Characteristic spiral artery waveform.



differences in impedance indices obtained in the central region compared to the
peripheral region of  the placenta, we choose to perform all measurements with-
in the central region of  the placenta. Each artery was measured twice with repo-
sitioning of  the probe after the first measurement. Flow velocity waveforms were
stored and analyzed online.

The course and outcome of  the pregnancy were obtained by written follow
up and examination of  the medical notes. We recorded all complications during
pregnancy, mode of  delivery, neonatal sex and birth weight and postnatal com-
plications. Hypertensive disorder definitions were according to the Report of  the
National High Blood Pressure Education Program Working Group on High Blood
Pressure in Pregnancy11: pih was defined as systolic blood pressure above 140

mmHg and/or diastolic blood pressure above 90 mmHg, in pe this is accompa-
nied by urinary excretion of  protein of  at least 300 mg in a 24-h specimen.
Growth restricted fetuses were defined as birth weight below the tenth percentile
for gestational age.

Data analysis

Spiral artery flow velocities were assessed by calculating the resistance index ri

(peak systolic flow – end-diastolic flow / peak systolic flow), the pulsatility index
(pi) (peak systolic flow – end-diastolic flow / mean total flow) and the systolic-
diastolic (sd)-ratio (peak systolic flow / end-diastolic flow). The averaged values
of  two different sites were used to calculate peak systolic, end-diastolic and mean
total flow.

Statistical analysis

To determine the influence of  patient characteristics on complicated pregnancies
we used a one way anova with a Bonferroni post-hoc comparison for continu-
ous variables (maternal age, primigravida (%), bmi, gestational age at delivery and
birth weight). Multilevel modeling was used to obtain the relationship between
the spiral artery Doppler parameters (sd-ratio, pi and ri) and gestational age for
uncomplicated pregnancies. In our analysis, we defined a two–level hierarchy to
construct the multilevel model (level 1 = measurement time, level 2 = subject).

The spiral artery Doppler parameters were used as dependent variables and
gestational age as independent variable controlled for possible confounders. Cu-
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bic and quadratic polynomials were used to obtain the best fitting curves in rela-
tion to gestational age for each spiral artery Doppler parameter. For each spiral
artery Doppler parameter uncomplicated pregnancy 95% reference ranges were
constructed.

Multilevel analysis is a technique that takes into account that the same women
are repeatedly measured and it uses all the available data; irrespectively of  the
number of  repeated measurements. This indicates that missing data are allowed.
Furthermore, multilevel analysis is capable of  dealing with irregularly time inter-
vals.12 Multilevel analysis was performed with the statistical software MLwin, version
2.01 (Multilevel project, Institute of  education, London, uk).

To investigate whether spiral artery flow velocity could predict hypertensive
disorders during pregnancies, such as pe or pih or predict growth restricted fetuses
(iugr), a second multilevel analysis was performed with data from both complicat-
ed and uncomplicated pregnancies. In this analysis, gestational age and three dummy
variables, which indicated each complicated pregnancies (pe, iugr and pih) were
used in the analysis, together with the possible confounders.

Chi square tests for the significance of  the regression coefficients were used to
conclude whether complicated pregnancies predicted spiral artery flows. P-values
of  p< 0.05 were considered significant.

Results

All 108 pregnant women completed the study and follow up was received. Risk
factors in our population were listed in table 1. Uncomplicated pregnancy was
reported in 86 women. There was one fetal death at 35 + 3 weeks due to placental
abruption, but this pregnancy was not complicated by pih, pe or iugr and there-
fore excluded. In the total group of  included women, four women were diagnosed
with pe and seven with a pih. In addition, ten neonates had birth weights below
the tenth percentile (iugr). The overall median maternal age was 32 (20-40) years;
median body mass index was 22.3 (17.7-28.4) kg/cm2 at inclusion. No statistical
differences were found with respect to maternal age, number of  primigravida or
gestational age at delivery between all groups, but as expected, birth weight was
significantly lower in pregnancies complicated by iugr and pe. Maternal bmi at in-
clusion was significantly higher in pregnancies complicated by pih compared to
uncomplicated pregnancies (Table 2).

The intra-observer variation for the ri’s, the pi’s and the sd-ratio’s was 0.61,
0.59 and 0.54, respectively, meaning fair reproducibility. Retrieving satisfying flow 
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table 1. Risk factors in 108 included women.

Risk factors Number

Primigravida 93 (81 %)
History of  pe 3 (2.6 %)
History of  iugr 2 (1.8 %)
Preexistent ht 4 (3.7 %)
Diabetes Mellitus type i 1 (0.9 %)

pe, preeclampsia; iugr, intra uterine growth restriction; ht, hypertension.

table 2. Patient characteristics. Data presented as number of  cases (%) 
or mean ±sd.

Classification
Uncomplicated Preeclampsia pih iugr p-value

Number 
of  patients 86 4 7 10 NS
Age (yrs) 32.4 ±3.8 30.3 ±1.5 34.7 ±3.5 32.9 ±4.0 N
Primigravida 
(%) 75 (87) 4 (100) 4 (57) 9 (90) NS
bmi (kg/cm²) 22.3 ±2.0 20.4 ±2.5 24.6 ±2.2* 21.5 ±2.0 p< 0.01
ga at delivery 
(days) 279 ±12 267 ±12 274 ±11 270 ±12 NS
Birth weight 
(gram) 3591 ±449 2716 ±511* 3447 ±464 2431 ±492* p< 0.01

* p < 0.01
bmi, Body Mass Index at inclusion; ga, gestational age; pih, pregnancy induced hypertension;
iugr, intra uterine growth restriction.
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velocity waveforms of  the spiral artery was possible in nearly all cases (over 99%)
and usually within five minutes.

Multilevel modeling showed that in uncomplicated pregnancies pi, ri and sd ratio
decreased progressively with gestational age. Cubic and quadratic polynomials of
gestational age did not improve the fit, nor was there an effect for neonatal weight,
fetal heart rate and gender. In all multilevel models, based on the -2log likelihood
test result, a random intercept model was chosen. The mean predicted sd ratio,
based on the multilevel model, decreased from 1.75 at 11 weeks of  gestation (P5-
P95: 1.32-2.17) to 1.48 at 24 weeks of  gestation (P5-P95: 1.01-2.20). The predicted ri

and pi showed similar decrement: mean ri from 0.44 (P5-P95: 0.26-0.60) at 11 weeks
of  gestation to 0.34 (P5-P95:0.15-0.50) at 24 weeks of  gestation, mean pi from
0.59 (P5-P95: 0.31-0.75) at 11 weeks of  gestation to 0.40 (P5-P95:0.11-0.66 at 24)
weeks of  gestation.

The results from the random intercept multilevel analysis with both uncom-
plicated and complicated pregnancies showed for iugr complicated pregnancies no
differences with uncomplicated pregnancies in spiral artery flow for pi (p = 0.72), ri

(p = 0.99) and sd-ratio (p = 0.95). Also for pe complicated pregnancies did not
 differ with normal pregnancies in pi (p = 0.65), ri (p = 0.59) and sd-ratio (p = 0.59).
Pregnancies complicated by pih showed significant lower pi (p = 0.01), ri (p = 0.03)
and sd-ratio flows (p = 0.02). (figures 2-4).
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figure 2

Pulsatility index in pe, pih

and iugr-complicated
 pregnancies in week 11 – 24

of  gestation plotted on
 uncomplicated pregnancy
reference ranges (P5 – P95).
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figure 3

Resistance index in pe, pih

and iugr-complicated
 pregnancies in week 11 – 24

of  gestation plotted on
 uncomplicated pregnancy
reference ranges (P5 – P95).

figure 4

sd -Ratio in pe, pih and
iugr-complicated
 pregnancies in week 11 – 24

of  gestation plotted on
 uncomplicated pregnancy
reference ranges (P5 – P95).



Discussion

In uncomplicated pregnancies the trophoblastic invasion causes transformation
of  the musculo-elastic wall of  the spiral arteries in the decidual and myometrial
segment. The trophoblastic cells transform these vessels into low resistance vessels
unresponsive to circulating pressor agents and capable of  supplying large amounts
of  blood to the placenta.13 During the initial wave spiral arteries in the decidua are
altered; during the second wave, which is normally completed at 20-22 weeks of
gestation, spiral arteries in the myometrium are altered. In pregnancies compli-
cated by hypertensive disorders the second wave of  trophoblastic invasion is im-
paired and mostly restricted to the decidual segment of  the spiral arteries. The
myometrial segment of  the spiral artery maintains its muscular layer and there-
fore its high resistance. This may lead to impaired uteroplacental perfusion causing
complications later in pregnancy.14

Our study results show that indices of  impedance to flow of  the spiral arter-
ies decrease progressively with advancing gestational age and these findings are
consistent with previous reported literature.10,15 These studies suggest that tro-
phoblastic invasion is occurring continuously throughout the first and second
trimester of  pregnancy. This is also in concordance with histological studies on
placentas from uncomplicated pregnancies.13 Our reference ranges for pi, ri and
sd-ratio are closely comparable to previous reported results by several authors10,15,
although our time interval of  measurements was different: gestational week 11-24

in our study versus week 13-25 in Hung’s study and week 18-41 in the study of
Murakoshi. These data also confirm the continuous process of  trophoblastic in-
vasion throughout pregnancy.

We did not find any significant differences in ri, pi or sd-ratio in uncomplicated
pregnancies compared to pregnancies complicated by iugr. The same results
were found by Hung and coworkers8: in their study of  the spiral artery in week
13-25 of  gestation in pih or iugr complicated pregnancies, the pi did not differ sig-
nificantly from uncomplicated pregnancies. We believe that the impairment of  the
trophoblastic invasion in pregnancies complicated by iugr is probably not detectable
in early pregnancy and therefore abnormal Doppler waveforms are most likely
found later in pregnancy. The latter is confirmed by a study of   Murakoshi10: from
gestational week 25 onwards he showed significantly higher ri’s in iugr compli-
cated pregnancies compared to uncomplicated pregnancies and concludes that
Doppler flow velocity waveforms from gestational week 25 may identify these
pregnancies with growth restricted fetuses.

For pregnancies complicated by pe we again did not found any differences in
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ri’s, pi’s or sd-ratio’s. When Matijevic and co-workers performed their measure-
ments in the third trimester (gestational week 26 till 40), they did found higher
impedance to blood flow in spiral arteries in preeclamptic pregnancies compared
to uncomplicated pregnancies9. From their results they showed good diagnostic
accuracy for predicting adverse perinatal outcome. However, their results are
based on a prospective matched-pairs case controlled study, while our results
are based upon prospective longitudinal data. In addition, they report that the
trophoblastic invasion is completed around 18-20 weeks of  gestation and Doppler
ultrasound measurements should be performed at least after this time. It is a
possible explanation for our findings, since we performed our measurements
from week 11 till 24. Another explanation can be found in a study by Aardema et al.;
he reports a difference between pe with or without good outcome and states that
only pe with poor pregnancy outcome is associated with defective placentation,
whereas pe with good outcome is not.16 In our pre eclamptic group there were no
poor pregnancy outcomes.

In pregnancies complicated by pih, we found significantly decreased imped-
ance to flow (sd-ratio, pi and ri) preceding the clinical symptoms. We could not
find similar findings in the literature. Only Hung and coworkers mentioned the
relationship of  Doppler flow waveforms of  spiral arteries and pih and they re-
ported that no significant differences in these measurements were found.8 Our
results are probably explained by the hyperdynamic disease model in which pre-
pregnant women with preexisting hypertension and increased bmi have a hyper-
dynamic circulation. This means they have a high cardiac output and com pensatory
vasodilatation in their spiral arteries to maintain near-normal blood pressure
 peripherally. This hyperdynamic circulation has been linked to endothelial activa-
tion and subsequent hypertensive disorders during pregnancy.17-19 The maternal
hemodynamics has been investigated by Bosio in a group of  400 primigravidas:
women with pih showed a low resistance circulation and high cardiac output in
the preclinical phase and this state was maintained throughout pregnancy.20

 Interestingly, in preeclamptic pregnancies a hemodynamic crossover after 24 weeks
of  gestation took place to low cardiac output and high resistance circulation. Un-
fortunately, numbers of  severely complicated pregnancies in our study were
small and our measurements were performed till week 24 of  gestation. After
evaluation of  our patients’ files, we found half  of  our pih complicated pregnan-
cies suffering from pre-existing hypertension and significantly higher bmi, which
may explain the significantly decreased impedance to flow we found and thus
confirming the hyperdynamic disease model.

This is the first study based on prospective longitudinal data, which we be-
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lieves gives a more realistic view on spiral artery impedance changes compared
to cross-sectional or matched-pairs data. Our data was analyzed with multilevel
analysis. This new technique takes into account that the same women are re-
peatedly measured and uses all the available data, irrespectively of  the number of
repeated measurements, which indicates that missing observations are allowed.
Furthermore, multilevel analysis is capable of  dealing with irregularly time inter-
vals.

Matijevic and coworkers suggest that the measurements should include spiral
arteries in both the central and peripheral region of  the placenta since the ‘ring
like’ trophoblastic invasion is responsible for different impedance values be-
tween these regions. They explain that the incomplete physiological change of
the spiral arteries in the peripheral region will be of  more significant difference
and therefore more suitable for detecting pregnancies complicated by pe.21 We had
chosen to perform our measurements in the central region of  the placenta, first
to prevent any biases arising from measuring different parts of  the placenta, sec-
ondly because it’s difficult to distinguish peripheral from central placenta in early
pregnancy.

We are aware in this study that measuring two or three spiral arteries in
each examination is only a small number compared to the total amount (approx-
imately 100) of  spiral arteries. One could question the meaning of  the informa-
tion given by such a small number representing only a small percentage of  the
total uteroplacental perfusion. Also when obtaining Doppler flow velocity wave-
forms of  different spiral arteries we found fair intra-observer variability, which
shows the main difficulty of  measuring spiral arteries; since there is a regional dif-
ference in trophoblastic invasion and therefore a difference in modification of  each
artery, measuring different arteries with Doppler can result in different sd-ratio,
pi or ri values and therefore fair intraobserver variability. Increasing the amount of
measurements would probably give a better view of  the ‘true’ impedance value, but
would increase the examination time for the patient to an unacceptable length.

Although significantly increased impedance to flow of  spiral arteries in com-
plicated pregnancies has been reported, we could not confirm this finding in early
pregnancy. Although our conclusion is based on a small number of  cases, we
conclude that early measurements of  spiral artery flow velocity waveforms are
probably not sensitive enough to predict hypertensive disorders in pregnancy or
pregnancies complicated by iugr. However, the longitudinal data based on our
uncomplicated pregnancies gives an interesting insight in spiral artery impedance
changes during normal pregnancy.
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Abstract

objective:

Assess screening performance of  first trimester serum measurements 
of  A- Disintegrin-And-Metalloprotease 12-S (adam12s) and Placental 
Protein 13 (pp13) for preeclampsia (pe), gestational hypertension (gh) 
and small-for-gestational-age (sga) fetuses.

study design:

In this retrospective case-control study cases were matched for gestational and
maternal age at sampling. Results were expressed as multiples of  the median
(mom) and compared using Mann-Whitney test. Screening performance was
 assessed by Receiver-Operator-Characteristics (roc) curves.

results:

Seventeen cases of  pe, 30 cases of  gh and 8 cases of  sga were matched with 
165 controls. roc-analysis yielded area-under-the-curve (auc) for adam12s 
and pp13 of  0.63 and 0.59 for pe, 0.68 and 0.57 for gh and 0.59 and 0.62 for sga,
respectively. Combined adam12 and pp13 did not improve auc. When specificity
set at 80%, corresponding sensitivity of  adam12s was 52% for gh.

conclusion:

Combined adam12s and pp13 measurements do not predict adverse pregnancy
outcome, but decreased first trimester adam12s levels are associated with gh.



Introduction

Preeclampsia, gestational hypertension and intrauterine growth restriction are
major causes of  maternal and fetal mortality and morbidity.¹ Although the patho-
 genesis is only partly understood, it is assumed that impaired trophoblastic invasion
and subsequent placental insufficiency play an important role.2,3

Early monitoring of  trophoblastic invasion is generally believed to enable us
in identifying women at high risk for developing pregnancy complications that re-
quire more intensive surveillance during pregnancy. In addition, early identification
of  high risk pregnancies can be useful when designing clinical trials regarding early
treatment or intervention to prevent fetal or maternal complications.

Over the last decade, various authors examined the potential of  first trimester
maternal marker screening of  impaired placental development to identify high
risk pregnancies, such as spiral artery Doppler measurements, uterine artery
Doppler measurements or maternal serum markers, such as soluble Flt, Placenta
Growth Factor (PlGF), Pregnancy Associated Plasma Protein-A (papp-a) or free
Beta-Human Chorionic Gonadotrophin (free ß-hCG).4-9 However, large and even
controversial differences in screening performance for detecting complicated
pregnancies are reported.

A Disintegrin And Metalloprotease 12-s (adam12s) is a placenta–derived gly-
coprotein produced by the trophoblast, which is involved in growth and differen-
tiation.10 Literature has reported low serum levels of  adam12s preceding
pregnancies complicated by preeclampsia or intrauterine growth restriction.9,11-14

Although one study showed no association between adam12s and preeclampsia
or fetal growth restriction.15

Placental protein 13 (pp13) is a small dimer protein involved in implantation
and spiral artery modification.16 Previous studies have show a relationship of  low
serum pp13 levels and subsequent development of  preeclampsia.17,18 Some authors
have used additional markers to increase screening performance, such as uterine
artery Doppler or uterine artery Doppler and serum levels of  papp-a.19,20 How-
ever, one report did not show a significant relationship between low levels of
pp13 and fetal growth restriction.21

To our knowledge, there are no reports published regarding the combined
predictive value of  adam12s and pp13. Therefore we performed a retrospective
matched case-control study to investigate the potential value of  combined first-
trimester maternal serum adam12s and pp13 measurements for prediction of  pre -
 eclampsia (pe), gestational hypertension (gh) or small-for-gestational-age (sga)
fetuses.
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Methods

A retrospective matched case-control study was performed at the VU University
Medical Center, Amsterdam. Maternal serum samples were collected between
9+0 till 13+6 weeks of  gestation as part of  the routine first-trimester screening
program for Down Syndrome in 2004-2007 and unused material was stored at 
-20°C for research purposes.

Long time stability of  pp13 and adam12s at -20°C has been described pre  -vi-
ously.18,20,21 Before starting our case-control study, we evaluated an in house
 protocol and assessed the stability of  pp13 and adam12s. We found stable con-
centrations for the entire study period. For adam12s the results of  the stability
protocol are published elsewhere.22

Gestational age at sample date was based on both dating scan and first day
of  last menstrual period. When a difference of  less than 7 days existed, gesta-
tional age was based upon the first day of  the last period. If  a difference of  at
least 7 days existed, a second dating scan was performed 2 weeks later. Gesta-
tional age was then averaged from both dating scans. Pregnancy course and out-
come were obtained by filled in questionnaires and delivery room records as well
as examination of  the medical records and scanning of  medical databases. All
participating women in this study gave informed consent. The study was approved
by our local Medical Ethic Committee.

According to the criteria of  the International Society for the Study of  Hyper-
tension in Pregnancy cases of  gestational hypertension were identified. Gesta-
tional hypertension was defined as two recordings of  diastolic blood pressure
above 90 mmHg at least 4 hours apart in a previously normotensive woman. The
same criteria were used to identify cases of  preeclampsia, defined as gestational
hypertension combined with proteinuria exceeding 300 mg/24 h or two readings
of  at least 2+ by dipstick on urinalysis after 20 weeks of  gestation.23

sga was de-
fined as birth weight below the tenth percentile.24 Each case was matched for
gestational age at sampling and maternal age with three control cases. In addi-
tion, medical records were studied for data concerning known confounders such
as smoking status, ethnicity, primigravida and maternal weight. Pregnancy out-
come data was evaluated for peak diastolic pressure, gestational age at delivery,
fetal gender and neonatal weight at birth. We excluded multiple pregnancies,
serum samples with unknown gestational age and fetal abnormalities. Control
cases delivered at term a healthy baby.

Serum adam12s was measured blinded for clinical outcome, using a semi-
 automatically performed time-resolved immunofluorometic assay (Autodelfia,
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PerkinElmer, Turku, Finland). Interassay cv for the adam12s assay was below 5%
at all levels. Serum pp13 was measured blinded for clinical outcome, using a solid
phase enzyme linked immunosorbent assay (elisa), (Autodelfia, PerkinElmer,
Turku, Finland). Interassay cv for the pp13 assay was below 5% at all levels.

Patient characteristics of  both cases and controls are presented as medians
(range) and percentages (%) and tested for significance with Mann Whitney U
and chi-square tests. adam12s and pp13 results were expressed in multiples of
the median (mom). Differences in adam12s and pp13’s mom’s between cases and
controls were evaluated for significance with non-parametric Mann-Whitney
tests on the non-transformed mom’s, since log-transforming the adam12s and
pp13 mom’s did not improve the fitting curve and were not normally distributed.

Receiver-operator-characteristics (roc) curves were used to asses screen-
ing performance for adam12s, pp13 and both combined. Values of  p < 0.05 were
considered significant.

Results

We identified 17 cases of  pe and 30 cases of  gh and 8 cases of  sga fetuses and
matched 165 control cases. Patient and pregnancy outcome characteristics are
shown in table 1 and 2, and are consistent with the matching criteria described in
the Methods section. Because of  the matching procedure no significant differ-
ences in gestational age and maternal age at sample collection were found be-
tween controls and cases. In addition, no differences between cases and controls
for smoking, ethnicity, primigravida and maternal weight were found. Logistic
 regression analysis demonstrated no significant confounding from maternal age,
ethnicity, smoking, primigravida, fetal gender and neonatal weight on adam12s
and pp13 levels.

Outcome characteristics are described in Table 2. As expected, we found
significant increased peak diastolic pressure in pregnancies complicated by pe and
gh compared to the controls. Median neonatal weight at birth in pregnancies
complicated by sga-fetuses was significantly reduced compared to controls. In
addition, we found significantly decreased gestational age at delivery in pregnan-
cies complicated by pe or sga-fetuses.

In controls, median adam12s concentration was 405 nG/L (range 101 – 923

nG/L) compared to 324 nG/L (range 85 – 761 nG/L) in cases. In controls, median
pp13 concentration was 57.7 pG/L (range 15.6 – 147 pG/L) compared to 54.6 pG/L
(range 22.2 – 110 pG/L) in cases. adam12s and pp13 are independent analytes, log 
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regression analysis showed very weak correlation (maximum r = 0.2) between
both markers in the four outcome groups.

Table 3 shows median mom values for adam12s and pp13 for controls and
 cases. adam12s mom-values are significantly reduced in gh cases.

Table 4 shows roc curve analysis for adam12s, pp13 and combined adam12s
and pp13. Results are expressed by area under the curve (auc). Sensitivity was
assessed when specificity was set at 80%. Figure 1 shows the roc curves for com-
bined adam12s and pp13 measurements for prediction of  pe, gh and sga fetuses,
as well as the roc curve for adam12s measurement for prediction of  gh.

table 1. Maternal characteristics in the four outcome groups.

Controls Cases
Characteristic pe gh sga p-value

Number 165 17 30 8 -

Median ga at  
sampling in days 82.1 80.1 80 84.9 0.55
(range) (63-97) (64-94) (63-96) (65-95)

Median maternal age 
in years at withdrawal 34.4 35.7 34.7 34.7 0.91
(range) (19.9-41.2) (30.3-41.6) (27.5-43.4) (30.4-37.8)

Median maternal 
weight in kg at 
sampling withdrawal 66.1 69.8 72.3 64 0.16
(range) (50-110) (58-77) (56-110) (58-78)

Ethnicity (% Caucasian) 95.6 93.8 100 100 0.65

Primigravida (%) 59.5 53.8 68.0 100 0.19

Non-smoking (%) 95.2 90.9 100 85,7 0.47

pe: preeclampsia; gh: gestational hypertension; sga: small for gestational age; 
ga: gestational age. * p-value < 0.05 by post hoc testing.
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table 2. Pregnancy outcome characteristics in the four outcome groups.

Controls Cases
Characteristic pe gh sga p-value

Number of  cases 165 17 30 8 -

Median peak diastolic 
tension in mm Hg 75.6 101.9* 94.3* 89.5 <0.05
(range) (60-90) (90-120) (90-110) (80-115)

Median ga at 
delivery in days 288 266* 275 261* <0.05
(range) (236-297) (201-292) (231-296) (190-290)

Fetal gender (% female) 47.8 14.3 56.3 28.7 <0.07

Median neonatal 
weight at birth in gram 3546 3015 3383 2196* <0.05
(range) (1865-4710) (1085-4000) (1960-4265) (540-2820)

pe: preeclampsia; gh: gestational hypertension; sga: small for gestational age; 
ga: gestational age. * p-value < 0.05 by post hoc testing.
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table 3.  Median mom values for adam12s and pp13 in controls and cases. 

Controls Cases
Outcome Measure pe gh sga

Number 165 17 30 8

adam12s in mom’s 1.00 0.90 0.77* 0.88
(range) (0.25 – 2.28) (0.25-2.26) (0.45-1.20) (0.48-1.85)

pp13 in mom’s 1.00 0.77** 0.95 0.89
(range) (0.27-2.52) (0.45-1.60) (0.35-1.90) (0.41-1.54)

pe: preeclampsia; gh: gestational hypertension; sga: small for gestational age; 
mom: Multiple of  Median; adam12s: A Disintegrin And Metalloprotease 12-S; 
pp13: Placental Protein 13. 
* P-value < 0.05; ** P-value = 0.07

EARLY PRED ICTION OF PREECLAMPS IA AND IUGR74

figure 1

Receiver–operating characteristics curve for the prediction of  preeclampsia (pe), gestational
hypertension (gh) and small-for-gestational-age (sga) fetuses using a combination of  median
mom value of  combined adam12s and pp13 measurements (area under the curve: 0.63 for pe,
0.66 for gh and 0.60 for sga) and adam12s (area under the curve: 0.68 for gh).



table 4. Overview of  Receiver-operating Characteristics curve analysis of
adam12s, pp13 and combined adam12s & pp13 for prediction of  pe, gh and sga

fetuses expressed in auc. Sensitivity was assessed when specificity was set at
80%.

Case Serum Marker Analyte treshold auc p-value Sensitivity
Concentration 
(mom’s)

pe adam12s 1.09 0.63 0.08 41%
pp 13 1.35 0.57 0.21 24%
adam12s & pp13 1.01 & 1.25 0.63 0.08 31%

gh adam12s 0.99 0.68 <0.01 52%
pp 13 1.23 0.57 0.22 32%
adam12s & pp13 0.97 & 1.11 0.66 0.06 48%

sga adam12s 1.35 0.59 0.41 26%
pp 13 1.14 0.62 0.26 38%
adam12s & pp13 0.95 & 1.02 0.60 0.34 31%

auc: Area under the Curve; pe: preeclampsia; adam12s: A Disintegrin And Metalloprotease 
12-S; pp13: Placental Protein 13; gh: gestational hypertension; sga: small for gestational age.

Comment

This is the first study to our knowledge that assesses the predictive values of
combined adam12s and pp13 measurements for pe and gh complicated pregnan-
cies as well as pregnancies complicated by sga-fetuses. In this retrospective
matched case-control study, the main finding is a significantly decreased adam12s
mom in pregnancies complicated by gh. Detection rate is 52% when specificity is
set at 80%, showing a fair association between gh and adam12s.

In addition, in pe or sga complicated pregnancies adam12s median mom’s
were decreased, although not significantly. pp13 median mom’s were also de-
creased in pe, gh and sga complicated pregnancies, although this neither was sig-
nificant.

The strength of  the study is that all samples were conducted from the same
sample base of  the national screening program for Down syndrome and there-
fore included women are likely to be comparable between the controls and cas-
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es. Controls and cases were matched for relevant confounding factors such as
maternal age and gestational age at sampling.

Our study is limited by the small number of  cases; it would be most interest-
ing in creating subgroups of  early versus late onset preeclampsia and intra uterine
growth restricted fetuses with fetal weight below 5th instead of  10th percentile.
However, no sufficient data was present.

It is remarkable that a combination of  adam12s and pp13 hardly improves
predictive values for pe and sga compared to single adam12s and pp13 measure-
ments, since several studies have reported their individual relationship between
adam12s or pp13 with pe and fetal growth restriction, while only two studies
showed no relationship between pp13 and pe or adam12s with pe and fetal growth
restriction.15,21

For pp13 Chafetz et al. found good predictive values for pe with sensitivity of
91% and specificity of  90% in a case-control study among 425 pregnant women.17

These values were also stated by Gonen et al. in a prospective study, in which
sensitivity was 80% with a fpr of  20%.18 Differences with our findings can be ex-
plained by the difference in gestational age (ga) at sampling: Chafetz et al. per-
formed sampling at a median ga of  10+6 weeks and Gonen et al. performed
sampling in week 6+0 till 10+0 of  gestation. It has been reported that early first
trimester pp13 measurements might have better predictive values due to its role
in early placental development.25 The most recent study by Khalil et al. showed
good predictive values of  sensitivity of  approximately 90% with a false positive
rate (fpr) of  20%.26 They included only women with a high a priori risk of  pe, such
as chronic hypertension, pregestational diabetes or renal diseases which can ex-
plain the differences with our study group which consisted mostly of  women with
a low a priori risk.

adam12s has been previously described as a potential predictive marker for
adverse pregnancy outcome: Cowans et al. describes in a case-control study
among 1705 cases versus 414 control cases significant lower levels of  adam12s in
small-for- gestational-age neonates (birthweight below 10th percentile) and  sig -
nificant elevated levels in large for gestational age neonates (birthweight above
90

th percentile).11 The significant relationship between decreased adam12s levels
and pe has firstly been reported by Laigaard et al. in a case control study of  324

controls versus 160 cases of  pe.12 We cannot fully explain the differences with our
results, maybe the criteria for matching were more stringent in his study and the
small number of  cases in our study may have influenced our results. Moreover,
Laigaard reports the use of  a different assay to measure adam12s; the use of  dif-
ferent antibodies to detect adam12s might explain the differences in results found
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between these two studies. This was also stated in a recent study by Wortelboer
et al.27

Combined screening performance of  adam12 and pp13 has not been described
in literature before. Other studies have shown combinations of  pp13 with first
trimester or second trimester uterine artery Doppler velocimetry and papp-a.19,20

Especially early onset preeclampsia is found to be highly detectable with these
combinations. adam12s and uterine artery Doppler showed a sensitivity of  66%
for pe. Pihl et al. combined adam12s with free ß-hCG and papp-a for prediction of
small-for-gestational-age neonates, the authors stated that this combination is
reaching clinical relevance with a detection rate of  39% with a false positive rate
of  10%.14 Poon et al. did not find improvement in predictive value of  adverse
pregnancy outcome such as pe, gh or preterm delivery when adding adam12s
measurements to papp-a, uterine artery Doppler velocimetry and high a priori
risk based on obstetric history.15

In conclusion, we believe that decreased first trimester levels of  adam12s may
be useful in early prediction of  gh. Decreased levels of  pp13 were not significantly
correlated with adverse pregnancy outcome such as pe, gh or sga. Combining
adam12s and pp13 does not appear to improve screening performance.

Further studies should evaluate the predictive role of  adam12s in complicated
pregnancies, possible in combination with other promising first trimester markers,
such as papp-a or PlGF or second trimester uterine artery Doppler measure-
ments. One can argue to select pregnancies with a high a priori risk to improve
screening performance.
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Abstract

objective:

To investigate whether pregnancies with small for gestational ge (sga)
neonates, defined as customized birth weight below the 10th percentile,
are associated with altered levels of  metastin in maternal plasma in the
first trimester.

methods:

Maternal blood was obtained between 8 and 14 weeks of  pregnancy.
Levels of  metastin were measured in pregnancies with (n = 31) or
without sga-neonates (n = 31), matched for gestational age at
venipuncture. Measurement of  ß-hCG was included to study the
influence of  gestational age and placental volume on plasma levels 
of  the measured markers.

results:

Metastin was significantly lower in sga-pregnancies compared to an
equal number of  matched uneventful pregnancies (metastin: 1376 ± 1317

pmol/L vs 2035 ± 1260 pmol/L, p = 0.035; mean ± standard deviation),
ß-hCG levels were not different.

conclusion:

Metastin is significantly lower in maternal plasma in the first trimester, 
in pregnancies with sga-neonates. It might therefore be used 
in combination with other markers for risk estimation of  growth
impairment in the first trimester.



Introduction

Neonates that are small for gestational age (sga) are at increased risk of  perinatal
morbidity and mortality.1-4 Furthermore, these babies are at increased risk of  de-
veloping cardiovascular disease and type 2 diabetes later in adult life.2,5-7

Although pregnancies affected by sga-neonates and by intrauterine growth
restriction (iugr) are not synonymous, there is considerable overlap between
both conditions, certainly when customized birthweight centiles are used.3,4

iugr

suggests impairment of  fetal growth in utero due to placental dysfunction; sga-
neonates are defined as having birthweight below the 10th percentile. As such, a
substantial part of  sga neonates are growth restricted,8 but sga will also include
some small but normal neonates.

Intrauterine growth restriction is not a disease entity, but a manifestation of
several fetal and maternal disorders. While iugr can result from endogenous
 fetal factors that affect fetal growth, such as chromosomal anomalies, congenital
malformations and infections,9 the leading cause of  iugr, with or without pre -
eclampsia, is deficient transfer of  nutrients and oxygen from mother to fetus,
most commonly due to inadequate trophoblast invasion into the endometrium
with subsequent inadequate remodeling of  maternal spiral arteries.10-16

The similarities between invasive trophoblasts and invasive tumor cells are
striking, but in contrast to metastasis, invasion of  trophoblasts is both temporally
and spatially well controlled. The kiss-1 gene was shown to be a key factor in
controlling cancer cell dissemination with expression levels inversely correlated
with invasion.17-20 Subsequently, the kiss-1 gene was found to encode a caboxy-
terminally amidated peptide with 54 amino-acid residues (metastin).21-24 As in tu-
mors, metastin appears to share a similar function in the placenta by inhibiting
the in vitro migration of  the invasive extravillous trophoblast.21,24 In apparent
contrast to these in vitro findings, Bilban et al. found that expression of  metastin
in vivo was higher in the first compared to the third trimester trophoblast.24 In
other words, metastin levels peak in the period of  pregnancy when the invasive
potential of  the placenta is maximal and when regulation and limitation of  tro-
phoblastic invasion take place.25 In vivo, in contrast to in vitro, metastin levels
thus seem to parallel placental invasive capacity.

We therefore hypothesized that placentae with inadequate trophoblastic in-
vasion, manifested clinically by sga-neonates, may have decreased plasma metastin
levels.

Measurements of  ß-subunit of  human chorionic gonadotrophin (ß-hCG) was
included to study the influence of  gestational age, placental volume and secretory
activity, all of  which are known to be associated with ß-hCG.26-27
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Methods and materials

Patients
This protocol was approved by the Medical Ethics Committee of  the VU University
Medical Center. All procedures were in accordance with the ethical standards
for human experimentation established by the Declaration of  Helsinki of  1975, re-
 vised in 1983.

We designed a one-to-one case-control study in which the first trimester
metastin levels were compared between women delivering sga neonates and
women delivering appropriate for gestational age (aga) neonates.

Eight hundred and seventy pregnant women with gestational ages between 8
and 14 weeks attending the outpatient clinic of  Obstetrics of  the VU University
Medical Center between June 2002 and July 2004 were enrolled in the study.
 Patients were recruited from two cohorts, being either at risk for preeclampsia or
iugr (primiparity, history of  preeclampsia or sga-neonates), or for Down syndrome
as determined by first-trimester serum screening in combination with nuchal
translucency and maternal age.28 Both cohorts yielded 242 and 628  patients re-
spectively. By this, the patients recruited were representative for the high-risk pop -
ulation attending an academic setting. All participants signed informed consent.
Blood was drawn by venipuncture. Patients were asked to fill in a questionnaire
on obstetrical history, genetic abnormalities, family history of  obstetrical and fetal
complications, life style, medication and disease, both inherited and acquired.
The pregnancy outcome was checked after delivery by review of  respective med-
ical records. Exclusion criteria for both cases and controls were (1) incomplete
questionnaire or missing medical records (n = 104); (2) multiple gestations (n = 8);
(3) fetal chromosome anomalies (n = 4); (4) hypertensive disorders antedating
pregnancy (n = 34); pregnancy-induced hypertension (n = 43); preeclampsia or
hemolysis elevated liver enzymes low platelets-syndrome (hellp) (n = 32); (5) pre-
 existing disease not related to pregnancy (n = 5); and (6) smoking during preg-
nancy (n = 2). Since hypertensive disorders are known to be associated with
placental insufficiency, patients affected by them were excluded from the population
under investigation. Hypertensive disorders were defined as preexistent hyper-
tension (blood pressure over 140/90 mmHg before the 20

th week of  gestation
measured on two separate occasions), pregnancy-induced hypertension (blood
pressure over 140/90 mmHg after the 20

th week of  gestation measured on two
separate occasions without preexisting hypertension), pre eclampsia (pregnancy-
induced hypertension combined with proteinuria of  1+ or more on a dipstick or
more than 300 mg per day) and the hellp syndrome.
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From the group of  pregnancies resulting in delivery of  aga neonates and fulfilling
the same exclusion criteria as the case group, we randomly selected controls on
a one-to-one basis matching for gestational age at venipuncture within one day.
Gestational age was confirmed by first-trimester ultrasound. Birth weight cen-
tiles were corrected for physiological factors known to affect fetal growth: ma-
ternal height, weight, ethnicity, parity, sex and gestational age at delivery since
these customized birth weight centiles provide a better estimate of  perinatal
morbidity and mortality than nonadjusted population centiles.3,4,29 Other physio-
logical variables such as paternal height have, unless extreme, a relatively minor
effect. Maternal age appears to play no significant role once parity is controlled
for.30 If  data for maternal height and weight were missing, the average of  the study
population for that parameter was entered. Correction was done using specific
software based on an extensive Swedish database.30 Swedish and Dutch women
are comparable in maternal height and weight.31-35

sga-neonates were defined as
having a customized birth weight below the 10th centile.

edta plasma
edta blood was stored at 4 °C and processed within 24 h after collection as de-
scribed previously.36

Serum
Serum was allowed to clot for a minimum of  1 h. After centrifugation it was stored
at 4 °C and measured within 48 h.

Metastin
Measurements were carried out in edta plasma using the radio immunoassay kit
from Phoenix Pharmaceuticals, Inc. (Blemont, ca, www.phoenixpeptide.com) 
as described in the product insert. One hundred microliters of  plasma were in-
cubated with 100 ml of  anti-metastin-antibody for 16 – 24 hours at 4 °C. Then
125I-kisspeptin-10 (amidated metastin 45-54) was added. Another 24 hours later,
100 ml of  goat-anti-rabbit-antiserum and rabbit serum were added and after
 incubation for 90 minutes, 500 ml buffer was added. Samples were decanted
 after centrifugation at 1700g for 20 minutes at 4 °C, and radioactivity was meas-
ured.

Kisspeptin-10 (amidated metastin 45-54) was used to calibrate the assay. Re-
activity of  amidated metastin 1-54 was 100%. The calibration curve ranged from
6 pg/ml to 1890 pg/ml. We limited the interpretation of  results to the linear part
of  the calibration curve ranging from 38 to 770 pmol/L; only results within this
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range were used in further calculations. Samples were diluted two- and eightfold.
All measurements were performed in duplicate and averages were calculated.

All measurements were performed in the same run. Within-run coefficient
of  variation was 6.6% at 163 pg/ml and 7.3% at 347 pg/ml.

ß-subunit of  human chorionic gonadotropin (ß-hCG)
ß-hCG was measured in serum using the time-resolved fluoroimmunoassay kit
manufactured by Perkin Elmer (Waltham, ma). Analyses were carried out on the
Delfia Xpress analyzer from the same manufacturer. Measurements were per-
formed in different runs. Between-run coefficient of  variation is below 5% for
the whole concentration range.

Statistics
Population characteristics are presented as mean ± standard deviation (sd). Only
maternal height and weight were normally distributed and student’s t-tests were
used for comparison. For all other parameters, the nonparametric Mann-Whitney
test was used to compare the means of  groups.

Correlation between two parameters was evaluated using Spearman’s cor-
relation coefficient. Differences were considered statistically significant if  p < 0.05.
All statistical analyses were performed using Statistical Package for Social Sciences
(spss) version 12.0.1. for Windows (spss, Inc., Chicago, il).

Results

Metastin was measured in maternal plasma between 8 and 14 weeks of  pregnan-
cy in 31 women with sga-pregnancies and in 31 matched patients with confirmed
uneventful pregnancies. Patient characteristics are given in table 1. By definition,
birth weight and customized centiles were significantly different in both groups.
Mean maternal height was also statistically different between both groups, but
the difference was relatively small. Furthermore, the centiles, used to classify the
neonates, were corrected for maternal height.

Complementary serum was used to analyze ß-hCG was available in 26 of  the
31 patients with affected pregnancies. Levels of  ß-hCG were compared to 26

patients of  the randomly selected from the matched control group. In pregnan-
cies with sga-neonates, mean first-trimester levels of  metastin in maternal plas-
ma were found to be significantly lower compared to the group of  matched
uneventful pregnancies. In contrast, no differences in mean ß-hCG levels were
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noted between both groups (Table 2, figure 1). Metastin and ß-hCG were not
correlated in sga-pregnancies (r = -0.224, p = 0.272), nor in affected pregnancies
(r = -0.194, p = 0.324).

table 1. Population characteristics presented as mean ± sd.

Population characteristics Matched uneventful Pregnancies affected
pregnanciesa by sga

a

N 31 31
Maternal age (years) 33.6 ± 2.8 34.0 ± 4.1
Maternal weight (kg) 65 ± 5 65 ± 9
Maternal height (cm) 173 ± 8 b 166 ± 6b

Gestational age 
at venipuncture (days) 85 ± 8 85 ± 9
Gestational age 
at delivery (days) 279 ± 8 276 ± 11
Birth weight (g) 3623 ± 334b 2665 ± 369b

Customized birth weight 
centile 55.5 ± 23.7b 3.7 ± 2.8b

a Pregnancies with small for gestational age (sga) neonates and uneventful pregnancies were 
matched for gestational age at venipuncture within a time frame of  one day.
b Significant difference between 31 pregnancies affected by sga and 31 matched uneventful
pregnancies (p < 0.05); sd: standard deviation.
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table 2. Mean circulating concentrations ± sd in first trimester of  pregnancies
with small for gestational age (sga) neonates and matched unaffected control
pregnancies (nonparametric Mann-Whitney test).

Parameter Controlª sgaª P

Metastin (pmol/ml) 2035 ± 1260 (n = 31) 1376 ± 1317 (n = 31) 0.035 b

ß-hCG (pg/ml) 62 ± 56 (n = 26) 61 ± 55 (n = 26) 0.539

ª Pregnancies affected by sga and uneventful pregnancies were matched for gestational age 
at venipuncture within a time frame of  one day.
b Significant difference between pregnancies affected by sga and matched uneventful 
pregnancies (p < 0.05); sd: standard deviation.
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figure 1. (A) Box plot of  concentrations of  metastin (pmol/L) in first-trimester plasma of  
31 pregnancies with neonates that were small for gestational (sga) and 31 uneventful pregnan-
cies matched for gestational age at venipuncture. (B) Box plot of  concentrations of  ß-hCG
(pg/mL) in first-trimester serum of  26 pregnancies with sga-neonates and 26 uneventful
 pregnancies matched for gestational age at venipuncture. Outliers (ο) are values between 
1.5 InterQuartile Ranges (iqr’s) and 3 iqr’s from one end of  the box. Extreme values (•) are
 values more than 3 iqr’s from one end of  a box. * Significant difference between pregnancies
affected by sga and matched uneventful pregnancies (p < 0.05).



Discussion

We have found that first-trimester plasma metastin levels are significantly lower
in gestations destined to deliver sga neonates compared with those destined to
deliver aga neonates.

Although abnormal fetal growth does not become apparent before the second
half  of  pregnancy, our findings suggest that the initial disturbance of  growth lies
in the first trimester of  pregnancy. Already at 12 weeks of  gestation, placentae
from pregnancies with sga-neonates are smaller, whether combined with pre -
eclampsia or not.37

Our study design prevented confounding caused by maternal factors like hy-
pertensive disorders of  pregnancy, smoking or preexisting disease. As such, the
sga-population we studied represented the form with placental origin. The process
involved and the dysfunctional appears to be related to trophoblastic invasion, as
in preeclampsia.10,14,16

Metastin has been found to be involved in trophoblast invasion, through in-
teraction of  the ligand metastin, which is abundantly expressed in the syncytiotro -
phoblast of  the placenta, with its receptor, expressed by invasive extravillous
trophoblast.21,23,24 Metastin inhibits invasion in vitro by almost 70% without affect-
ing its proliferative capacity.24 In apparent contrast to these findings, the highest
expression of  metastin in vivo has been found in the first trimester of  pregnancy
when placental invasive capacity is maximal and regulation of  trophoblastic inva-
sion is most important.24,25 We therefore hypothesize that in vivo metastin is in-
volved in fine-tuning of  placental invasion, in which a high invasive capacity would
be counteracted by the inhibitory effect of  high levels of  metastin and a low ex-
pression of  metastin would signal low invasive capacity. In concordance with this
hypothesis, we found significantly decreased levels of  circulating metastin in mater-
nal plasma in first trimester of  pregnancies with sga-neonates, i.e. pregnancies
with reduced invasive capacity.

The decrease in metastin does not appear to reflect merely a reduced pla-
cental volume since ß-hCG, which is known to be correlated with placental volume
in the first trimester,26 is not affected. Nor it is likely that decreased concentra-
tions of  circulating metastin are simply due to reduced transcriptional activity in
vascular growth restriction27 as this would also have influenced ß-hCG levels.

In summary, we found lower circulating levels of  metastin in first-trimester
pregnancies affected by sga-neonates while levels of  ß-hCG were not different.
Although metastin by itself  does not have sufficient discriminative power to
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identify pregnancies at risk, it might be used in combination with other markers
to identify pregnancies at risk for future sga.

Further studies will be performed to investigate whether pregnancies com-
plicated by early preeclampsia (before 34 weeks of  gestation) with concomitant
iugr, which are also characterized by insufficient placental invasion, are also as-
sociated with decreased levels of  circulating metastin.
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General discussion, conclusions
and future prospects

chapter 8



Preeclampsia (pe) and intra uterine growth restriction (iugr) are major causes of
maternal and fetal morbidity and mortality1,2. The incidence of  pe varies between
0.5 and 2.5% in western countries, but is much higher (approximately 10%) in de-
veloping countries. Incidence of  iugr obviously varies with definition at cut-off
level of  2.3th, 5th or 10th centile3. The pathophysiology of  pe and iugr is incom-
pletely understood, but impairment of  the endovascular trophoblastic invasion
and spiral artery modification in early pregnancy as result of  an exaggerated in-
flammatory response and subsequent endothelial cell activation plays a crucial role
in the pathogenesis.

pe and iugr are associated with severe maternal complications, such as maternal
kidney and liver failure, cerebral hemorrhage, thrombocytopenia and coronary
events, as well as fetal complications like respiratory distress, intraventricular hem -
orrhage, necrotizing enterocolitis, sepsis and hypoglycemia which can be due to
both (iatrogenic) premature delivery and intra uterine growth restriction. But pe

and iugr complicated pregnancies might also cause long term major and minor
complications for both mother en newborn. Elevated maternal risk for cerebral
and cardiovascular disease has been described by Bellamy et al. and McDonald et
al.4, 5, and according to the Barker hypothesis, growth restricted fetuses might
compensate for hostile intrauterine environment by endocrine metabolic repro-
gramming which can lead to the metabolic syndrome later in life, presenting as
hypertension, diabetes or as cardiac diseases6,7. In addition, various studies have
shown a relationship between growth-restricted fetuses and impaired cognitive
functions at childhood8,9.

Therefore, for many decades research has focused on prediction and prevention
of  hypertensive disorders of  pregnancy and its sequellae. Early identification of  high
risk women is important because it allows us to explore secondary preventive
options.

Until now, the only known moderately effective preventive measure is low
dose aspirin in women with a history of  preeclampsia and/or iugr. Although many
contradictory results have been reported, a large Cochrane systematic review
did show significant reduction of  pe complicated pregnancies and small for gesta-
tional age (sga) fetuses in a meta analysis of  32000 women10. Other interventions
such as calcium or magnesium supplementation, fish oil, antioxidants (vitamin C
or E, selenium), or dietary interventions (nutritional advise or salt restriction) have
been disappointing; results of  lmwh are contradictory and the only known effective
treatment for established preeclampsia and iugr is timed delivery.
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As long as the cause of  pe/iugr remains elusive it is commonly accepted that ac-
curate identification and early diagnosis of  women at risk, in combination with
timed intervention will eventually lead to an improvement of  maternal and neona-
tal outcome, both in the short and long term.

Our research was to assess the predictive value of  various markers in the first
trimester concerning the prediction of  preeclampsia with or without iugr or iso-
lated iugr in a high risk population of  primigravida and women with a history of
pe or iugr.

As stated in the introduction, a multi marker screening seems the most promising
method for early detection of  pe and isolated iugr. Numerous clinical, biophysical,
and biochemical tests have been proposed for early prediction of  preeclampsia
and iugr, but only few report predictive values which reaches clinical relevance,
usually with moderate sensitivity and high specificity. There is urgent need for
safe, rapid and preferably non-invasive tests.

The major strength of  our research is that we collected longitudinal data to study
Doppler measurements of  the spiral and uterine artery. It allows us to give a real -
istic view on predictive values for pe and isolated iugr by sonographic markers,
and it accurately assesses the assumed relationship between spiral and uterine
artery Doppler measurements. In addition, a novel combination of  promising
serum markers is studied and the reproducibility of  3D Ultrasound measurements
is extensively examined, as well as its clinical use is reviewed.

Weaknesses of  our research is the small number of  women that actually developed
pe and/or iugr in the longitudinal study concerning spiral and uterine arteries,
which might be responsible for the moderate predictive values.
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Conclusion of  this Thesis

Three dimensional ultrasound volume measurements are highly reproducible 
and might be useful for early prediction of  pe and isolated iugr

First and second trimester uterine artery Doppler measurements accurately 
reflect trophoblastic invasion

Spiral artery Doppler measurements in first and second trimester are poor 
predictors of  adverse pregnancy outcome

Metastin might be usable for early prediction of  iugr complicated pregnancies.

pp13 and adam12s are poor predictors of  adverse pregnancy outcome, 
although adam12s seems to have a modest association with pih



Future prospects

Ultrasound
In our study the predictive value of  spiral arteries Doppler measurement is assessed,
as well as its assumed relationship with the uterine artery Doppler. In addition,
the role of  3dus volume measurements of  placental and fetal volume measure-
ments is evaluated. Both sonographic measurements have limited predictive value
concerning adverse pregnancy outcome and future research should focus on dif-
ferent sonographic techniques for assessment of  placental function and subsequent
obstetric complications.

Due to the rapid development of  ultrasound equipment since the start of  our
heppi-trial (Early Prediction of  Preeclampsia and iugr), new diagnostic tools, such
as 3D Power Doppler sonography and intravascular sonoelastography have been
developed which might be useful for early detection of  preeclampsia or isolated
iugr. These two promising tools are described below.

Three dimensional Power Doppler sonography
In the late nineties a combination of  3dus and Doppler Flow was used to assess
blood flow in various tissues and its potential has been promising. With this tech-
 nique, called 3D power Doppler sonography, one or more 3dus acquired volume
samples are combined with power Doppler of  selected tissue. In each acquired
volume the ratio of  color voxels (flow) to total voxels (flow and non-flow) is as-
sessed and expressed as vascularization index (vi) or flow index (fi) in which zero
refers to no flow and 1 to complete flow. Although recently it has been published
that these measurements can considerably overestimate actual flow up to 44 times11,
numerous publications have been evaluating its clinical relevance since the first
report12.

It is used in many medical fields besides obstetrics and gynecology, such as in the
evaluation of  lymph node metastasis and survival in patient with gastric cancer13,
for evaluation of  post radiotherapy treatment in patients with prostate cancer14

or as a prognostic factor in patients with colon cancer.15

The use of  3D Power Doppler sonography has also been evaluated for gynecol-
ogical indications, such as in discriminating benign or malign endometrium in post -
menopausal women16 or fibroid evaluation after GnRH treatment17. It has also
found its way in fertility diagnostic testing, such as evaluation of  peri implantation
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(sub)endometrial blood flow after artificial reproductive therapy (iui or ivf) and
pregnancy rate.18, 19

Only a modest amount of  obstetric studies have been published; Basgul et al.
in 2007 used 3D Power Doppler sonography for the assessment of  the cervical
characteristics in pregnant women, in which no differences in mass or vascularity
were found in nulliparous versus multiparous women20. In the same year, Rizzo et al.
examined first trimester placental vascularization in pregnancies with aneuploid
fetuses, and although he found significantly lower vascularization indices in aneu-
ploid placentas, he suggests it is unlikely to improve the detection rate of  fetuses
with trisomy 13, 18 or 21.21

Normal values of  3D Power Doppler sonography in uncomplicated pregnancies
has been the subject of  several studies; in two recent publications it is reported
that little to no differences in vi, fi and vascularization flow index (vfi) in relation
to gestational age was found in uncomplicated pregnancies: Filho et al. studied
283 patients from ga 26 -35 weeks and found a minor increment of  fi with ad-
vancing gestational age in which placental location has no influence on the three
vascular indices (vi, fi, vfi) studied.22 The same results were found by Zalud et al.
in 2007 in 199 uncomplicated pregnancies from ga 14 -25

23. Although in 295 normal
pregnancies vi, fi and vfi showed constant distribution throughout gestation, a
minor decrement in fi was found with advancing gestational age.24

In a small study of  13 iugr complicated pregnancies versus 208 uncomplicated
controls between ga 12 -40 weeks, a weak correlation between vi, fi and vfi and
advancing ga was seen, and good reproducibility and significant decreased vi, fi,
vfi in iugr complicated pregnancies.25 Also, in 80 women, cigarette smoking was
related to decreased first trimester vascularization indices and decreased birth
weight.26 In 2008 Guiot et al. found a significant relationship between vi and fi

and iugr-complicated pregnancies in a case control study among 15 controls and
30 iugr cases.27

Very few studies have been published concerning the relationship of  pre -
eclampsia and 3D Power Doppler sonography: One Chinese case control study
of  36 healthy pregnant women and 44 preeclamptic and hypertensive pregnant
women is reported which showed decreased placental perfusion by vi, fi and vfi

in severe preeclamptic women.28

Although most reports are case control studies, it is clear that the results are
promising. There is lack of  large and longitudinal studies to assess screening per-
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formance and this is needed to further elucidate the predictive value of  3D Power
Doppler sonography for early prediction of  pe and/or iugr.

Sonographic elastography
Discovered in 1990 by Ophir et al. it was at primarily used to identify breast  lesions.29

Vascular elastography by ultrasound is a technique which assesses the strain in
the arterial wall and plaque by using an ultrasound image which is acquired at a
low pressure (diastolic) and an elevated pressure (systolic or external compres-
sion). The results are expressed as an elastogram which can reveal the presence
of  an eccentric region with increased strain values and might therefore identify
plaques.

Experiments with this new technique during the research phase of  this thesis
did not result in valuable results, probably due to the small diameter of  the spiral
arteries and the difficulty to use external compression. But based on previous
experience in in vitro studies30 and the expected advancement in ultrasound
equipment technology, it might be possible in the future to measure very small
arteries such as spiral arteries. Then it may become possible to differentiate be-
tween well modified arteries with weak arterial walls (low-pressure) and incom-
plete modified arteries with rigid arterial walls, which have increased resistance
indices due to shallow trophoblastic invasion. This might allow us to identify pe

or iugr complicated pregnancies in an early phase.

Serum markers

The predictive values of  serum markers adam12s, pp13 and metastin is assessed
in our research and although interesting results concerning the relationship with pih

and sga complicated pregnancies have been found, the clinical relevance seems
limited.

Since the start of  our research in 2004, numerous maternal serum markers have
been discovered and their relationship with adverse pregnancy outcome has
been assessed. Recent literature focuses on first trimester screening by various
maternal serum markers: serum pregnancy-specific beta-1-glycoprotein (sp1), which
is associated with sga in a case control study.31 The proform of  eosinophil major
basic protein (proMBP), which is associated with pih, sga and pe

32 and glucose
regulated protein 78 (grp78)33, cystatine C34, matrix metalloproteinase-935, which
are associated with pe.
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Multiple serum marker screening such as soluble endoglin, PlGF and sFlt36 or in
combination with tgf-beta-137, or papp-a, beta-hCG and adam12

38 have been subject
of  evaluation as well. For the prediction of  iugr, a combination of  PlGF, vegf,
vegfr-1 and placental volume39, as well as first trimester ua pi and papp-a meas-
urements40 have been studied. Predictive values differ considerably between these
studies and although good screening performance has been reported, there is
need for prospective, large, multicenter, multi-ethnic studies to confirm these
promising results41,42,36.

The use of  serum markers is limited by the development of  specific antibody
 assays, which is a timely and costly procedure. Since pe and isolated iugr seem
genetically determined diseases, understanding their genetics might help us find
useful predictive markers. Therefore, recent research also focuses on placental
genetic products in maternal plasma, such as endovascular trophoblastic cells,
cell-free fetal dna or rna.

Endovascular cells in maternal plasma are not informative due to their low con-
centration in maternal blood (maximum of  1 cell in 1 ml maternal blood in the first
trimester) and their year long survival in maternal blood. Therefore their clinical
use is limited, especially in multiparous women.43

Cell-free dna or rna are shed in the circulation in large amounts and protected
for months by micro particles, which makes them more feasible and accessible
for screening purposes than endovascular trophoblastic cells.

Large amounts of  cell-free rna and dna can be analysed and novel potent
biomarkers can be rapidly screened, including biomarkers not accessible by anti-
body based assays.43,44 Genes can be selected with the help of  the Sym Atlas,
 selecting only those with potential predictive value, which are placenta specific
genes with high expression levels compared to other maternal organs preferably
in the first trimester.

Useful applications of  fetal dna or rna have been reported and include fetal
gender determination45, fetal Rhesus typing46 and isolated gene disorders, such as
Huntington’s disease47 and achondroplasia48. The use of  fetal dna or rna for
 detection of  aneuploid fetuses, especially trisomy 21 is more difficult, due to the
additional dna and rna production of  the maternal chromosome 21

49, but it is
still the subject of  current research.
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The use of  fetal dna or rna for identification of  pe or iugr has been the subject
of  few studies: in 1999 Lo et al. shows a five fold increase in maternal concentra-
tion in preeclamptic pregnancies, probably due to increased apoptosis of  the pla-
cental cells.50 He suggests that cell free fetal dna could be a potent predictive
marker for preeclampsia. His results were confirmed by Zhong et al. in 2001.51

Van Dijk et al. reports that the placentally expressed stox1 gene is responsi-
ble for the familial form of  preeclampsia in Dutch women and combining these
markers with promising other potent biomarkers (from so called preeclampsia
susceptibility genes) would permit presymptomatic diagnosis of  preeclampsia52,

53. The use of  first trimester cell free fetal dna or rna measurements remains to
be explored.

Multi marker screening

It seems unlikely from the literature that one marker will be found that has enough
predictive power, i.e. a combination of  high specificity with high sensitivity, and
therefore recent studies focus on a combination of  multiple predictive markers.
This is a combination of  sonographic markers, serum markers and/or Doppler
ultrasound measurements for prediction of  pe, such as first trimester pp13, papp-a

and second trimester ua pulsatility index by Spencer et al.41, sFlt and PlGF with
second trimester ua pulsatility index42, papp-a, PlGF and ua pi

54 or first trimester
ua pulsatility index and 3dus placenta volume measurement 55. These studies re-
ports predictive values which reaches clinical relevance, although high specificity
is generally accompanied by moderate to good sensitivity, which makes them not
practical in today’s clinical practice.

Conclusion

Preeclampsia and iugr are multifactorial diseases with unknown etiology. Impaired
endovascular trophoblastic invasion plays a crucial role in the pathology, but the
underlying mechanisms are unclear. Although previously believed, there is not just
one ‘X-factor’ responsible for these obstetric diseases and therefore it remains a
major challenge to identify women in early pregnancy that will develop pe or iugr.

When accurate prediction becomes available, the development and investigation
of  new preventive strategies is mandatory. However, as long as good preventive
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measures are lacking, clinicians should focus on risk stratification of  pregnant woman
and adapt care accordingly. Low risk women should receive routine care, while
high risk women should receive adapted care according to their risk estimation.

Which combination of  markers is best suitable for risk stratification still remains
unclear, but this research provides more insight in the selection of  multi markers
and the predictive values of  current potent markers.
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Summary

In the introduction (chapter 1) an overview of  relevant predictive markers for
preeclampsia and intra uterine growth restriction is described. chapter 2 focuses
on reproducibility of  three-dimensional ultrasound measurements and in chapter 3
the clinical use of  sonographic fetal and placental volumes measurements is re-
viewed. chapter 4 describes the relationship of  spiral and uterine artery Doppler
measurements and in chapter 5 the predictive value of  spiral arteries Doppler
measurements for adverse pregnancy outcome is assessed. In chapter 6 and 7
maternal serum markers A Disintegrin And Metalloprotease 12-s (adam12s), pla-
cental protein 13 (pp13) and metastin are evaluated for their predictive value for
preeclampsia (pe), pregnancy-induced hypertension (pih) and intra uterine growth
restriction (iugr). According to the criteria of  the International Society for the
Study of  Hypertension in Pregnancy 2001, cases of  pregnancy-induced hyperten-
sion (pih) were identified. Pregnancy-induced hypertension was defined as two
recordings of  diastolic blood pressure above 90 mmHg at least 4 hours apart in a
previously normotensive woman. The same criteria were used to identify cases
of  preeclampsia, defined as pregnancy-induced hypertension combined with pro-
 teinuria exceeding 300 mg/24 h or two readings of  at least 2+ by dipstick on uri-
nalysis after 20 weeks of  gestation.22 Intra uterine growth restriction was defined as
birth weight below the tenth percentile, customized by gestational age.

In chapter 2 we assessed the reproducibility of  three-dimensional ultrasound
(3dus) measurements of  fetal and placental volumes in week 11 till 18 of  gestation in
a group of  34 uncomplicated pregnancies. Two operators independently acquired
fetal and placental volumes using 3dus. Each placental or fetal volume was ac-
quired twice. Intra- and interobserver reproducibility was expressed in intra- and
interclass correlation coefficients (intra-cc and inter-cc). In addition, the effect
of  individual volume acquisition and caliper placement was evaluated.

Fetal and placental volume measurements were successful in 97% of  all cases
and the volumes were similar to previous reported literature. The intraobserver
reproducibility was good for fetus (intra-cc: 0.99; 0.99) and placenta (intra-cc:
0.99; 0.98). Also, interobserver reproducibility was good for fetus (inter-cc 0.98)
and placenta (inter-cc 0.98). In addition, regardless of  the operator who acquired
the volumes, inter-cc remained good for both fetus (inter-cc: 0.99; 0.99) and
placenta (inter-cc: 0.97; 0.99).
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Therefore, we concluded that intra- and interobserver variability of  fetal and
 placental volume measurements are low and reproducibility is very good. In ad-
dition, we have shown that individual volume acquisition and caliper placement
has no significant effect on the calculation of  three-dimensional fetal and placen-
tal volume measurements.

In chapter 3 the clinical use of  3dus measurements of  placenta and fetal volume
is reviewed. Three-dimensional ultrasound fetal volume measurements are based
on head-and-trunk volumes, they are highly reproducible and seem very accurate in
assessing fetal weight and monitor fetal growth. However, fetal volume measure-
ments are limited by gestational age, since late second and third trimester  fetuses
usually exceed the size of  the volume box. The clinical value of  first tri mester
measurements is yet to be determined, but significant decreased fetal volumes
have been reported in aneuploid fetuses.

Placental volumes measurements are also highly reproducible and easily ac-
quired by 3dus. Like fetal volumes, these placental volume measurements are
limited by gestational age. Literature reports significantly smaller placental vol-
umes in aneuploid fetuses, such as trisomy 13, 18 and 21, although its predictive
value seems limited and addition of  first trimester placental volume measure-
ments to the current screening tests for aneuploid fetuses shows no improvement
in detection rates. The relationship between second trimester placental volume
and pregnancies complicated by hypertensive disorders or sga-fetus seems more
promising, although its predictive values are limited by the large heterogeneity in
placental growth and size.

Further research for the assessment of  predictive values of  first trimester fetal
and placental volume measurements is warranted.

chapter 4 reports the longitudinal relationship between Doppler flow velocity
wave forms of  the spiral artery (sa) and uterine artery (ua) in pregnant women.
In this study, we analyzed 97 primigravidas with uncomplicated singleton pregnan -
cies. In each pregnancy, sa and combined ua velocity waveforms were assessed using
transabdominal ultrasound Color Doppler between gestational weeks 11 through
14, 14 through 18 and 18 through 24. Each Doppler measurement was performed
twice. The combined ua was derived from the average pulsatility index (pi) of  the
left and right ua. In addition, the presence of  ua bilateral notching was reported.
In total, 284 ua and 263 sa Doppler flow measurements were analyzed. Results
showed a continuous decrease of  mean pi in sa and ua with increasing gestational
age and ua bilateral notching was reported in 35%, 9% and 3% of  the cases be-
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tween gestational weeks 11 through 14, 14 through 18 and 18 through 24 respec-
tively. Intra observer variability for sa and combined ua was 0.54 and 0.90 re-
spectively. Generalized Estimating Equations analysis showed significant correlation
(r = 0.41) between sa and ua (p < 0.0001).

Our longitudinal data shows that the generally assumed relationship between
uterine and spiral arteries Doppler measurements is confirmed and a significant
correlation between these measurements is demonstrated; ua Doppler meas-
urements in early pregnancy seem to accurately reflect peripheral resistance of
spiral arteries. Furthermore, this study shows that trophoblastic invasion seems a
continuous process in the first half  of  pregnancy in which first trimester bilateral
notching probably is a physiological phenomenon.

In chapter 5 we evaluated the longitudinal relationship between sa Doppler
measurement and pregnancies complicated by pregnancy-induced hypertension
(pih) or preeclampsia (pe), and intra uterine growth restricted (iugr) fetuses in
108 pregnant women.

In all pregnancies sa blood flows were measured three times using Color
Doppler ultrasound. Measurement were performed between 11 and 14 week, be -
 tween 14 and 18 weeks and between 18 and 24 weeks of  gestation, each measure-
ment was performed twice. Spiral artery blood flows over time were analyzed
with multilevel modeling and reference ranges were constructed. Mann- Whitney
tests were used to compare uncomplicated and complicated pregnancies. We
analyzed 86 uncomplicated pregnancies and 21 complicated pregnancies (4 preg-
nancies complicated by pe, 7 complicated by pih and 10 complicated by isolated
iugr).

In the uncomplicated pregnancies, systolic/diastolic (sd-) ratios, resistance
index (ri) as well as pulsatility index (pi) decreased progressively with advancing
gestational age. Linear regression analysis showed that mean predicted sd-ratio
decreased from 1.75 at 11 weeks of  gestation (P5 – P95: 1.32 – 2.17) to 1.48 at 24

weeks of  gestation (P5 – P95: 1.05 – 1.90). The predicted ri en pi showed similar
decrement: mean ri from 0.44 (P5 – P95: 0.28 – 0.59) at 11 weeks of  gestation to
0.34 (P5 – P95: 0.19 – 0.50) at 24 weeks of  gestation, mean pi from 0.59 (P5 – P95:
0.32 – 0.85) at 11 weeks of  gestation to 0.40 (P5 – P95: 0.14 – 0.66) at 24 weeks
of  gestation. These results are consistent with previously reported literature. The
Mann-Whitney tests showed no differences in pi, ri or sd-ratio in pregnancies with
growth-restricted fetuses or complicated by preeclampsia. However, a significantly
lower ri, pi and sd-ratio were found preclinically in pregnancies complicated by
pih.
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In conclusion, these results showed that sa Doppler measurements decrease
progressively with advancing gestational age, but the reference ranges are wide.
Therefore, sa Doppler measurements are probably not useful for early predic-
tion of  pe or iugr. Decreased Doppler indices preceding pih are likely caused by
a hyperdynamic circulation in women with increased Body Mass Index and (un-
masked) pre-existent hypertension.

In chapter 6, maternal serum markers adam12s and pp13 were evaluated for
their first trimester predictive performance for adverse pregnancy outcome. A
retrospective case-control study of  samples taken between 2004-2007 was
 conducted and 55 cases of  pregnancies complicated by pe (n = 17), pih (n = 30)
or isolated iugr fetuses (n = 8) were matched with 165 uncomplicated control
cases. The cases were matched for exact gestational age and maternal age with
three control cases. In addition, known confounders such as ethnicity, primi-
gravida, smoking and maternal weight were analyzed. The serum concentration
of  adam12s and pp13 were analyzed ‘blind’ to outcome and results were ex-
pressed in multiples of  the median (mom). There was not a normal distribution
of  adam12s and pp13 serum levels, therefore mom values were compared using
Mann-Whitney U test. In addition, receiver-operator-characteristics (roc) curves
were used to asses screening performance.

Results showed significantly reduced median adam12s concentrations for con-
trols versus all cases: 405 vs. 324 nG/L (mom 1.00 vs 0.80 (p < 0.05)). In pp13 no
significant difference was found between controls and cases; 57.7 vs. 54.6 pG/L
(mom 1.00 and 0.95). Multivariate analysis for possible dependency between
adam12s and pp13 showed found very weak or no correlation between both
markers in the controls or in each group of  cases.

Median mom levels for adam12s were 0.90, 0.77 and 0.88 for pe, pih and iugr

respectively; mom levels for pp13 were 0.77, 0.95 and 0.89 respectively. roc

analysis yielded areas under the curve (auc) for adam12s and pp13 of  0.63 and
0.59 for pe, 0.68 and 0.57 for pih and 0.59 and 0.62 for iugr, respectively. Com-
bined adam12 and pp13 did not improve auc. If  specificity was set at 0.80, the
corresponding sensitivity of  adam12s was 52% for pih.

This study demonstrated that adam12s was significantly associated with
pregnancies complicated by pih, although predictive value was limited. De-
creased levels of  pp13 were not significantly correlated with adverse pregnancy
outcome. Combining adam12s and pp13 did not appear to improve screening
performance.
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In chapter 7 we assessed the association between first trimester plasma levels
of  metastin and small for gestational age (sga) neonates, defined as customized
birth weight below the 10th percentile. Maternal plasma was obtained between
week 8 till 14 weeks of  gestation and levels of  metastin were measured. Thirty-one
cases of  pregnancies with sga-neonates were matched with 31 pregnancies with-
out sga-neonates for gestational age at venipuncture. Measurements of   ß-hCG
were included to study the influence of  gestational age and placental volume on
plasma levels of  the measured marker. Results showed significantly lower metastin
levels in sga-pregnancies compared to the uneventful pregnancies (metastin:
1376 ± 1317 pmol/L vs 2035 ± 1260 pmol/L, p = 0.035), ß-hCG levels were not
significantly different.

Therefore, we concluded that metastin might be useful in combination with
other maternal serum markers for risk estimation of  growth impairment in the
first trimester.
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Samenvatting

In de introductie (chapter 1) wordt een overzicht gegeven van relevante voor-
spellende markers voor preëclampsie (pe) en intra-uteriene groeirestrictie (iugr).
De focus van chapter 2 ligt op de reproduceerbaarheid van driedimensionale
echoscopische volumemetingen van foetus en placenta en in chapter 3 wordt de
klinische relevantie van echoscopische foetale en placentaire volumemetingen
beschreven. De relatie tussen de spiraal arteriën en de uteriene arteriën is het
onderwerp van chapter 4 en in chapter 5 wordt de voorspellende waarde van
Echo Doppler metingen van de spiraal arteriën voor pe en iugr beoordeeld. In
chapter 6 and 7 worden de maternale serummarkers A Disintegrin And Metal-
loprotease 12-s (adam12s), placental protein 13 (pp13) en metastin in relatie tot pe,
pregnancy-induced hypertension (pih) en iugr geëvalueerd.

Volgens de criteria van the International Society for the Study of  Hypertension in
Pregnancy (isshp 2001), worden cases met pe en pih geïdentificeerd: Pregnancy-
induced hypertension is gedefinieerd als twee bloeddrukmetingen, waarbij de
 diastolische druk boven de 90 mm Hg ligt met ten minste vier uur interval bij een
voorheen normotensieve zwangere. Dezelfde criteria worden gebruikt voor de
identificatie van preëclamptische zwangeren: pih wordt gecombineerd met pro-
teinurie boven 300 mg/24 h of  minimaal 2+ eiwit bij dipstick urine analyse na 20

weken zwangerschap. Intra-uteriene groeirestrictie wordt gedefinieerd als neo -
nataal gewicht bij geboorte onder het tiende percentiel (gecorrigeerd voor
zwangerschapsduur en geslacht).

In chapter 2 wordt de reproduceerbaarheid van driedimensionale echoscopische
(3dus) metingen van foetale en placentaire volumes in zwangerschapsweek 11
tot 18 in 34 ongecompliceerde zwangerschappen geëvalueerd.

Twee onderzoekers verzamelde onafhankelijk van elkaar foetale en placen-
taire volumes met behulp van 3dus. Elk foetaal en placentair volume werd twee
keer gemeten. Intra- en interobserver reproduceerbaarheid werd uitgedrukt in
intra- en interclass correlation coëfficiënt (intra-cc en inter-cc). Daarbij werd
het effect van de individuele volumemeting en caliperplaatsing onderzocht.

Foetale en placentaire volume metingen werden succesvol verricht in 97%
van alle gevallen en beide volumes kwamen overeen met volumes uit eerdere
gepubliceerde studies. De intra-observer reproduceerbaarheid was goed voor
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zowel foetale volumemetingen (intra-cc: 0.99; 0.99) als placentaire volume -
metingen (intra-cc: 0.99; 0.98). Daarbij bleef  de inter-cc goed voor foetale
 (inter-cc: 0.99; 0.99) en placentaire volumemetingen (inter-cc: 0.97; 0.99) on-
afhankelijk van de onderzoeker die de metingen verrichtte.

Onze conclusie is dat intra- en interobserver variabiliteit van foetale en pla-
centaire volumemetingen laag is en de reproduceerbaarheid zeer goed. Daarbij
is aangetoond dat er geen effect is als gevolg van individuele volumemeting of
caliperplaatsing op de uiteindelijke foetale en placentaire volumemeting.

In chapter 3 wordt de klinische waarde van 3D us metingen van foetale en pla-
centaire volumemetingen beschreven.

Driedimensionale echoscopische foetale volumemetingen zijn gebaseerd op
hoofd- en rompvolumes, ze zijn zeer goed reproduceerbaar en lijken erg accu-
raat ten aanzien van foetale gewichtsschatting en de evaluatie van foetale groei.
Foetale volumemetingen zijn echter beperkt door zwangerschapsduur, daar de
grootte van laat-tweede en derde trimester foetussen over het algemeen buiten
het bereik van de volumebox valt. De klinische waarde van eerste trimester volume -
metingen moet nog bepaald worden, maar significant lagere volumes zijn aange-
toond in aneuploïde foetussen in vergelijking met normale foetussen.

Ook placentaire volumemetingen zijn zeer goed reproduceerbaar en ge mak -
kelijk te verrichten door middel van 3dus. Net als foetale volumemetingen, worden
ook de placentaire volumemetingen beperkt door de grootte van de volumebox.
Meerdere studies laten een significant verlaagd placentavolume zien bij aneu-
ploïde foetussen, zoals trisomie 13, 18 en 21, in vergelijking met normale foe-
tussen. Hoewel de voorspellende waarde voor foetale aneuploïdie beperkt is en
vooralsnog tot weinig verbetering in detectiegraad van de huidige screenings -
onderzoeken oplevert. De relatie tussen tweede trimester placentaire volume -
metingen en zwangerschappen gecompliceerd door hypertensieve stoornissen
of  foetale groeirestrictie lijkt veelbelovend, hoewel de voorspellende waarde
beperkt lijkt door de grote heterogeniciteit in placenta groei en grootte. Meer
onderzoek voor het bepalen van de voorspellende waardes van eerste trimester
foetale en placentaire volumemetingen is nodig.

chapter 4 beschrijft de longitudinale relatie tussen Echo Doppler metingen van
de uteriene arteriën (ua’s) en de spiraal arteriën (sa’s) in zwangere vrouwen. In
deze studie analyseerden we 97 primigravida’s met een ongecompliceerde een-
lingzwangerschap. In elke zwangerschap werden de bloedstroomsnelheden van
beide (gecombineerde) ua’s en twee sa’s gemeten door middel van transabdo -
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mi naal echoscopisch Color Doppler onderzoek tussen zwangerschapsweek 11
tot 14, 14 tot 18 en 18 tot 24. Elke Echo Dopplermeting werd tweemaal uitgevoerd.
De gecombineerde ua werd uitgerekend door het gemiddelde te nemen van de
linker- en de rechter uteriene arterie. Daarbij werd het voorkomen van bilate -
rale notching genoteerd.

In totaal werden 284 ua en 263 sa Echo Doppler metingen geanalyseerd. De
resultaten lieten een continue afname van de gemiddelde pi in de ua’s en de sa’s
zien bij toenemende zwangerschapsduur. Een bilaterale notch was zichtbaar in
35%, 9% en 3% van de cases tussen zwangerschapsweek 11 tot 14, 14 tot 18 en 18
tot 24 respectievelijk. De intra-observer variabiliteit voor de gecombineerde ua’s
en de sa’s was 0.90 en 0.54 respectievelijk. De Generalized Estimating Equations
analyse liet een significante relatie (r = 0.41) zien tussen ua’s en sa’s (p < 0.0001).

Deze longitudinale data bevestigt de algemeen geaccepteerde relatie tussen
de uteriene en spiraal arteriën en laat een significante correlatie tussen beide
metingen zien: ua Echo Doppler metingen lijken een goede weergave te geven
van de perifere weerstand door spiraal arteriën. Daarbij laat deze studie zien dat de
trophoblastinvasie een continu proces is in de eerste helft van de zwangerschap,
waarbij het voorkomen van bilaterale notches waarschijnlijk een fysiologisch
fenomeen is.

In chapter 5 evalueren we de longitudinale relatie tussen sa Echo Doppler me -
tin gen en zwangerschappen gecompliceerd door pe, pih of  iugr in 108 zwanger-
schappen.

In alle zwangerschappen werden de sa bloedstroomsnelheden driemaal ge -
meten door middel van Color Doppler. De metingen werden verricht tussen
zwan ger schapsweek 11 tot 14, 14 tot 18, en 18 tot 24. Elke Echo Doppler meting
werd tweemaal uitgevoerd.

De sa Echo Doppler metingen werden geanalyseerd met behulp van multi-
level analyse en referentiecurven werden berekend. De Mann-Whitney test werd
gebruikt om de ongecompliceerde en gecompliceerde zwangerschappen te ver -
gelijken.

Er werden 86 ongecompliceerde zwangerschappen en 21 gecompliceerde
zwangerschappen (4 pe, 7 pih en 10 iugr) geanalyseerd. In de ongecompliceerde
zwangerschappen daalden de systolic/diastolic (sd-)ratio’s, resistance (ri) en pul -
satility indices (pi) progressief  bij toenemende zwangerschapsduur. Een lineaire
regressieanalyse liet een gemiddelde sd-ratio zien van 1.75 bij zwangerschaps -
week 11+0 (P5 – P95: 1.32 – 2.17) tot 1.48 bij zwangerschapsweek 24+0 (P5 – P95:
1.05 – 1.90). Een soortgelijke trend was te zien bij de ri en pi: de gemiddelde ri
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daalde van 0.44 (P5 – P95: 0.28 – 0.59) bij zwangerschapsweek 11+0 naar 0.34

(P5-P95: 0.19 – 0.50) bij zwangerschapsweek 24+0, de gemiddelde pi van 0.59

(P5 – P95: 0.32 – 0.85) bij zwangerschapsweek 11+0 naar 0.40 (P5 – P95: 0.14 – 0.66)
bij zwangerschapsweek 24+0 weeks. Deze resultaten kwamen overeen met eer -
der gepubliceerde data. De Mann-Whitney test liet geen significante verschillen
zien in sd-ratio, ri of  pi in zwangerschappen gecompliceerd door pe of  iugr. Er
waren een significant lagere sd-ratio, ri en pi in zwangerschappen gecompliceerd
door pih.

Deze resultaten laten zien dat sa Echo Doppler metingen progressief  dalen
met toenemende zwangerschapsduur, waarbij de referentiewaarden breed zijn.
Daarom lijken sa Echo Doppler metingen niet geschikt voor vroege voorspelling
van pe of  iugr. Verlaagde Doppler metingen in zwangerschappen gecompliceerd
door pih lijken te worden veroorzaakt door een hyperdynamische circulatie in
vrouwen met een verhoogde bmi en (gemaskeerde) pre-existente hypertensie.

In chapter 6 evalueren we de maternale serum markers adam12s and pp13 als
eerste trimester voorspellers van gecompliceerde zwangerschapsuitkomst, zoals
pe, pih en iugr. Een retrospectieve case-control studie van maternale serumsam-
ples werd hiervoor uitgevoerd, waarbij de zwangerschapsduur varieerde van
9+0 tot 13+6 weken. Alle serumsamples werden verzameld als onderdeel van
het downsyndroom screening programma van het vumc in de periode van 2004-
2007. Alle pe, pih en iugr cases werden gematched voor zwangerschapsduur,
primipariteit, etniciteit, roken, maternaal gewicht en leeftijd met 3 gezonde con-
troles. De serumconcentraties van adam12s en pp13 werden bepaald zonder dat
de zwangerschapsuitkomst bekend was en uitgedrukt in multiples of  the median
(mom). mom-waardes en hun voorspellende waarde werden geanalyseerd door
middel van Mann-Whitney testen en receiver-operator-characteristics (roc)
curven.

Honderdvijfenzestig controlemonsters en 55 cases (17 pe cases, 30 pih cases
en 8 iugr) cases werden geïncludeerd. Mediane adam12s concentraties voor de
controles versus de cases waren significant verlaagd: 405 versus 324 nG/L (mom

1.00 versus 0.80 (p < 0.05)). Bij pp13 waren geen significante verschillen tussen
de controles en de cases; 57.7 vs. 54.6 pG/L (mom 1.00 and 0.95).

Mediane mom levels voor adam12s waren 0.90, 0.77 en 0.88 voor pe, pih and
iugr respectievelijk; mom levels voor pp13 waren 0.77, 0.95 en 0.89 respec-
tievelijk. roc curven lieten een area under the curve (auc) zien voor adam12s en
pp13 van 0.63 en 0.59 voor pe, 0.68 en 0.57 voor pih en 0.59 en 0.62 voor iugr,
respectievelijk. Gecombineerde adam12 en pp13 bepalingen verhoogde de auc
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niet. Bij een specificiteit van 0.80, was de bijbehorende sensitiviteit van adam12s
52% voor pih.

Uit deze resultaten blijkt dat verlaagde eerste trimester levels van adam12s
geassocieerd zijn met pih. Verlaagde levels van pp13 waren niet significant gecor-
releerd met pe, pih of  iugr. Gecombineerde adam12s en pp13 bepalingen ver-
beteren de voorspellende waardes niet.

In chapter 7 wordt de relatie tussen eerste trimester plasma concentraties van
Metastin en foetale groeirestrictie beschreven.

In deze studie werd maternaal plasma afgenomen tussen zwangerschaps -
week 8 tot 14 en daarin werd de concentratie van metastin bepaald. Eenendertig
zwangerschappen gecompliceerd door sga-foetussen werden gematched met 31

ongecompliceerde zwangerschappen voor zwangerschapsduur bij plasma afname.
ß-hCG bepalingen werden ook verricht om het effect van zwangerschapsduur en
placentavolume op de concentratie metastin te beoordelen.

De resultaten lieten een significant lagere plasmaconcentratie metastin zien in
zwangerschappen gecompliceerd door sga-foetussen vergeleken met ongecom -
pliceerde zwangerschappen (metastin: 1376 ± 1317 pmol/L versus 2035 ± 1260

pmol/L, p = 0.035), ß-hCG concentraties waren niet significant verschillend.
Concluderend zijn metastin bepalingen in het eerste trimester mogelijk bruik-

 baar voor vroege voorspelling van foetale groeirestrictie, waarschijnlijk in combi-
natie met andere maternale markers.
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De usa heeft ons beider passie en op meerdere congressen aldaar hebben we
ons altijd uitstekend vermaakt. Met name Washington met zijn nachtelijke ‘foggy
bottoms’ was een absolute topper.

Bedankt voor alles, John. Ik ben vereerd jouw promovendus te zijn.

prof dr MA Blankenstein
Beste Rien. Gids in het land van de klinisch-chemische dingen, waar ik me nogal
eens onwerkelijk voelde. Gelukkig werden de vrijdagbesprekingen door jou
 ondertiteld met lekentaal. Het was buitengewoon interessant om ook andere
klinische onderzoeken over voorspellende serum- en plasmamarkers te volgen.
Dank voor de introductie in deze wereld van serummarkers en hun veelbelovende
potentie. Bedankt voor de fijne samenwerking.

dr AC Bolte
Beste Annemieke, naast het geven van een goede ‘opvoeding’ in de derdelijns-
verloskunde, heb je mij met jouw encyclopedische kennis en ongekende
 vertrouwen in mijn data meerdere malen van de wanhoop gered. Door jouw
creativiteit kreeg mijn onderzoek een nieuwe dimensie, waarvoor ik je erg
 dankbaar ben. Daarnaast heb ik jou als een betrokken en gezellig persoon leren
kennen, waarbij ik vooral denk aan onze congresbezoeken in Miami en Chicago.
Met name in Miami bleek jouw uitgebreide internationale netwerk een aantal
goede feestgangers te bevatten.
Het is een eer om jouw eerste promovendus te zijn.

prof dr JWR Twisk, drs MD Spreeuwenberg, drs DJ Kuik
Beste Jos, Marieke en Joop. Het zal voor jullie niet altijd makkelijk zijn geweest
om al mijn vragen en gedachten om te zetten in statistische analyses en
 conclusies, zeker gezien mijn statistische basiskennis. Gelukkig is het jullie altijd
gelukt.
Dank Marieke, voor het urenlang skypen om de analyses af  te krijgen. Dank Joop,
dat je naast de analyses ook nog tijd had om mij privécolleges over statistiek te
geven. Dank Jos, dat je altijd tussendoor tijd vond om me te helpen met de multi-
level-analyses.

dr D Oepkes
Beste Dick, mijn eerste stappen in de wetenschap, de obstetrische echoscopie
en de prenatale diagnostiek heb ik onder jouw begeleiding gezet. Dankzij jou
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maakte ik een vliegende start in Amsterdam. Ik zie het als een mooie afsluiting
van mijn promotie dat je zitting hebt genomen in de leescommissie.

Collega-arts-echoscopisten
Beste Melanie (de primus inter pares), Franca, Mireille, Lucas, Yolanda en
 Ingeborg, bedankt voor de samenwerking en hulp bij de inclusies. Ingeborg,
 bedankt voor je enorme hulp bij het uitzoeken van geschikte sera en de
 bijbehorende analyses. Succes met de afronding van jouw promotie. Lucas, 
er zijn niet veel gynaecologen die een 3dus-foto van hun eigen gezicht hebben,
bedankt voor heel veel humor en succes met jouw promotie.

Echoscopisten
Charlotte, Bridget, Fayette, Annemieke, Annelieke en Marijke. Veel van mijn
echoscopische basisvaardigheden heb ik van jullie geleerd. Bedankt voor de
 immer goede samenwerking en uiteraard jullie flexibiliteit op de echokamers,
waardoor mijn inclusieperiode niet te lang ging duren. Speciale dank gaat uit 
naar Marijke vanwege je enorme inzet bij de reproduceerbaarheidstudie (en 
de bijbehorende borrels met je man).

Klinisch chemici en laboratoriummedewerkers
Cees Oudejans en collega's, bedankt voor de serumanalyses en jullie  geduldige
uitleg over de vaak ingewikkelde methodes. Speciale dank aan Carla Beersen voor
je grote hulp bij de serumselectie en bijbehorende bepalingen.

drs E Smets
Beste Eva, zeer dankbaar ben ik voor je aanzienlijke bijdrage aan mijn proefschrift,
met name met betrekking tot de serummarkers. Ik heb genoten van je humor, je
charme en onze samenwerking op het laboratorium.

Collega-arts-onderzoekers
Bianca, Marja, Majoie, Marinka, Annelies, Marieke V, Tatjana, Iris, Marja Liisa,  
Esther, Sjanneke, Marieke L, Lucas, Yolanda, Ingeborg en Mireille. Bedankt voor
de gezellige tijd op de Meander en de etentjes bij immer goed bereikbare
 restaurants.

dr MC Haak
Beste Monique, dank voor de vele tussendooroverlegjes over abstracts, artikelen,
presentaties, proefschriften en meer. Het kon altijd en je was razendsnel met
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correcties. Met name je creativiteit om binnen de maximum wordcount van een
abstract te blijven, is indrukwekkend.

dr AGJJ Go
Beste Atti, ik zal je combinatie van cola light, Leiden en humor nog missen. Bedankt
voor je hulp bij het opzetten van de Acces-database. Veel succes in Rotterdam.

Secretariaat Prenatale Diagnostiek
Beste Lucia, Marijke, Marleen en Ineke. Dank voor alle gezelligheid, hulp 
bij de follow-up, de interessante gesprekken en de vele ‘echte’ koffie.

Gynaecologen en alle (oud-)collega-assistenten uit het VU Medisch Centrum
Beste allen, het zit er eindelijk op. Dank voor jullie interesse in het verloop en het
uiteindelijke resultaat van mijn studie.

Paranimfen,

dr MN Bekker
Lieve Mireille. Samen startend aan onze promotietrajecten als arts-echoscopist
in het vumc vonden we elkaar snel. Je was een erg relaxte kamergenoot en zeer
loyale collega. Goede herinneringen bewaar ik aan de vele ‘IVF-besprekingen’
met Diederik, Hans en Franyke. Gedurende de jaren werden we van collega’s
goede vrienden en hebben we ons op veel cursussen en congressen altijd
 bijzonder vermaakt. De relaxte borrel aan Ocean Drive vat alles goed samen,
denk ik. Gelukkig weten we in deze drukke tijd van opleiding en gezinsuitbreiding
elkaar nog regelmatig te vinden voor een avond chillen. Het is niet meer dan
 logisch dat jij mijn paranimf  bent.

Renzo Deurloo
Mijn lieve broer, ofwel Bro. Met jou als paranimf  neem ik het risico dat je de
 verdediging van mijn proefschrift ongevraagd overneemt... en waarschijnlijk met
de jou kenmerkende charme ook nog succesvol weet af  te ronden. Met je
 positieve instelling en gevoel voor humor ben je een steun in veel dingen, zo ook
dit proefschrift. Ik ben er trots op dat je naast me staat tijdens de verdediging.

Griffioen
Omdat het kan.
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Vrienden, familie en schoonouders
Bedankt voor de hulp op vele manieren, die het mogelijk maakte mijn promotie
af  te ronden. Speciale dank voor mijn schoonouders om hun voordurende
 interesse en steun en voor mijn lieve zusje Sandra om haar includerend vermogen
en kunst van het relativeren.

Renée Deurloo
Lief  zusje. Gelukkig herinnerde je me tijdig aan je beroep als redactrice, anders
zat ik zelf  nog te knutselen in Word Perfect. Ik heb genoten van onze  samen -
werking en ben je erg dankbaar voor alle uren die je hebt besteed aan de correctie
en verbetering van mijn proefschrift.

Pa en Ma
Bedankt voor de fantastische vooropleiding en jullie onvoorwaardelijke liefde 
en vertrouwen. Jullie zijn de besten.

Saskia
Allerliefste Guapa, mijn highschool sweetheart, onmisbaar in zo veel dingen...
Heel veel dank voor heel veel moois.

Madelief en Olijf
Mijn meisjes, mooier en liever dan jullie worden ze niet meer gemaakt.
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