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a b s t r a c t

Introduction: To study the relationship between 2-dimensional placental ultrasound measurements and
maternal serum (MS) levels of biomarkers of placentation and in pregnancies presenting with an isolated
abnormally high or low birthweight at term, without evidence of placental insufficiency.
Method: We performed a population based cohort study of 306 pregnancies delivered at term including
30 presenting with large-for-gestational age (LGA, birthweight > 90th centile) and 17 small-for-
gestational age (SGA; birthweight < 10th centile). Antenatal measurements included placental thick-
ness and 2D-volume and MS levels of pregnancy-associated plasma protein A (PAPP-A) and free-beta
human chorionic gonadotrophin (fbhCG) at 11e13þ6 weeks of gestation and mid-trimester MS a-feto-
protein (AFP), unconjugated estriol (uE3) and inhibin A levels.
Results: In the subgroup with a normal birthweight (10the90th centile), there was a significant positive
correlation between birthweight and the basal plate surface area (p < 0.001) and 2D placental volume
(p < 0.01). In the LGA subgroup, MS PAPP-A was significantly (p < 0.05) higher than in normal controls
and there was a significant (p < 0.01) positive correlation with birthweight. There was no significant
difference for any of the ultrasound and biomarkers parameters between SGA and the normally grown
controls.
Discussion: In uncomplicated singleton pregnancies with a normal birthweight, 2D measurements of
placentation are related with fetal size but are not related to subsequent excessive or slow fetal growth.
LGA at birth is associated with increased MS PAPP-A at 11e14 weeks of gestation supporting the asso-
ciation between PAPP-A synthesis and early placental growth and development.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Major changes take place in the uterine environment between
the first trimester and the rest of pregnancy [1]. These changes are
characterised by the establishment of the intervillous circulation, a
switch from histiotrophic to haemotrophic fetal nutrition and the
remodelling of the primitive placenta [2]. In early pregnancy, the
oxygen concentration within the chorionic sac is maintained at a
low value to protect the primitive placenta and the developing
fetus from the teratogenic effect of oxygen free radicals [1,2]. The
onset of the maternal arterial circulations at the end of the first
trimester leads to a three-fold rise in the intraplacental oxygen
concentration [1,3]. The haemodynamics of the utero-placental
circulation and distribution of oxygen around and inside the

placenta play an important role in shaping the topography of the
villous tree of the definitive placenta and the formation of the free
placental membranes [1e3].

Fetal size is dependent on nutrient availability, which in turn is
related to villous development and the capacity of the villous
trophoblast to transport these nutrients [4]. Sufficient dilation of
the utero-placental circulation together with rapid villous angio-
genesis are the key factors necessary for adequate placental
development and function, and subsequent fetal growth. Placental
and fetal development is related and placental growth kinetics are
important features predicting post-natal health and in particular
cardiovascular adaptations in childhood, even when fetal size is in
the normal range [5]. At birth, there is a correlation between fetal
and placental weight and the ratio of these weights i.e. the feto-
placental weight ratio (FPR) gives retrospectively an indication of
the appropriateness of fetal growth during pregnancy and esti-
mates the potential risks for chronic diseases in later life [6].

The placenta actively produces a large number of hormones that
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serve to regulate and balance maternal and fetal physiology and in
particular fetal growth via the production and metabolism of
growth-regulating hormones [7]. The expression of numerous
signaling molecules is altered in the placentas from pregnancies
affected by the fetal growth complications of fetal growth restric-
tion and macrosomia. Many maternal serum (MS) biomarkers have
been proposed for the detection of abnormal fetal growth but when
used alone in the first trimester they have a limited role as
screening tests. For example, pregnancy-associated plasma
protein-A (PAPP-A) during the first trimester cannot be used alone
as a marker of excessive fetal growth, large [8] or of small-for-
gestational age (SGA) [9,11]. Similarly new biomarkers such as
adiponectin, a hormone that regulates glucose levels and fatty acid
oxidation, have been recently tested in the first trimester to predict
fetal size later in pregnancy with variable results [12,13].

For decades, ultrasound remains the best method for the
screening diagnosis, characterization and follow-up of abnormal
fetal growth. The advent of Doppler ultrasound has enabled the
study of the development of the uterine and umbilical circulations
in utero from early in normal pregnancy [14]. Further studies have
shown an association between uterine circulation, abnormal
placental features including size, abnormal level of biomarkers in
MS and abnormal fetal growth [15,16]. More recently 3-
dimensional (3D) ultrasound has enabled the study of placental
volume in utero throughout pregnancy. These studies have shown
an association between placental volume at 11e13 weeks and birth
weight in pregnancies with a normal and complicated outcome
[17e22].

The combination of the assessment of placental size and shape
with 3D ultrasound andMS biomarkers can serve as the foundation
uponwhich to build amultivariatemodel for the early prediction of
abnormal fetal size. The broad variability in placental volume 3D
measurements and current time-consuming approach compared to
2D ultrasound has made its clinical use difficult [23]. In this study,
we investigated the relationship between first trimester (11e13þ6

weeks of gestation) 2D ultrasound measurements of placentation
and MS levels of commonly measured placental proteins PAPP-A
and free-beta human chorionic gonadotrophin (fbhCG), and mid-
trimester (15e22þ0 weeks of gestation) inhibin and subsequent
fetal size.

2. Patients and methods

A group of 476 women booked for antenatal care at University
College London Hospital (UCLH) were recruited prospectively over
a 40-month period. All pregnant women at UCLH are offered a
screening test for Trisomy 21 which combines nuchal translucency
(NT) measurement and MS levels of PAPP-A and fbhCG at 11e13þ6

weeks (combined test) and/or of AFP, uE3 and inhibin-A at 15e22þ0

weeks (integrated test). All women were recruited at the time of
the NT ultrasound examination between 11þ0 and 13þ6 weeks of
gestation (77e97 gestational days) as determined either by men-
strual age, or when there was a discrepancy of more than 5 days by
the ultrasound measurement of the fetal crown-rump length (CRL).

Demographic data including maternal age, ethnicity, parity,
cigarette smoke exposure, age and body mass index (BMI) were
collected from questionnaires completed at the time of the first
appointment. All women underwent routine screening for gesta-
tional diabetes with a random glucose at booking and at 28 weeks
of gestation. In addition women with specific risk factors (previous
LGA, family history of diabetes) were offered a formal 2 h glucose
tolerance test at 28 weeks. Pregnancy outcome information was
collected from the medical case notes and hospital electronic pa-
tient records. The birthweight percentile was calculated using the
customized gestational age related optimal growth chart (GROW)

(www.gestation.net), which takes into account ethnicity, maternal
height, weight, age and fetal birthweight and gender.

Women diagnosed with a first trimester miscarriage, fetal ab-
normality, medical condition, multiple pregnancy and abnormal
pregnancy outcome including, late miscarriage, intrauterine death,
stillbirth, preterm (<37 weeks of gestation) or post-term delivery
(�41 þ 6 weeks of gestation), smokers or lost to follow-up were
excluded from the analysis. Placental pathology results were
available for cases of SGA and IUGR identified at birth.

2.1. Ultrasound examination

All examinations were performed using a 3.5e5 MHz ultra-
sound probe (Voluson 730 and E8 Expert, GE, USA). In all cases, the
fetal NT, CRL and basic anatomy were obtained. The placental basal
plate dimensions and thickness were measured by viewing the
whole placenta as previously described [25,26]. Three measure-
ments of each parameter were taken and they were subsequently
averaged for analysis. In brief the longest sagittal and transverse
diameters of the placental basal plate were measured at the level of
the utero-placental interface and the placental thickness was
measured underneath the cord insertion. The basal plate surface
area of the placenta was estimated using the following formula:
Sagittal length � transverse length � p/4. The placental volume was
calculated as being the equation for half the volume of an ellipsoid:
½ (sagittal length � transverse length � thickness � 4/3p), as previ-
ously described [24]. The placental measurements were entered into
the prospective study database at the time of the ultrasound scan.
Four sonographers were trained by the study authors prior to the
study commencement so as to perform the placental ultrasound
measurements in a reproducible and systematic way.

2.2. Bioassays

MS PAPP-A and fbhCG levels were measured using the Auto-
DELFIA PAPP-A, time-resolved fluoro-immunoassay (PerkinElmer,
Turku, Finland). Inhibin A MS levels were measured using a com-
mercial ELISA. The measured proteins were converted to multiple
of the median (MoM) for a pregnancy of the same gestational age
and adjusted for maternal age and ethnicity.

2.3. Study group and statistical analysis

The study group included 306 non-smoking women with a
spontaneous singleton pregnancy delivering after an uncompli-
cated pregnancy between 37þ1 weeks (259 days of pregnancy) and
41þ6 weeks (286 days of pregnancy). The study group was divided
into 3 subgroups according to the neonatal weight percentile at
birth adjusted for neonatal gender [24]. Cases in the large-for-
gestatonal age (LGA, birth weight > 90th centile) and SGA (birth
weight <10th centile with no evidence of fetal growth restriction,
as defined as abnormal umbilical artery and uterine artery Doppler
or abnormal cerebroplacental ratio) subgroup were individually
matched for maternal BMI, parity and for the CRL with three cases
from the normal (10e90th centile) subgroup. The study was
approved by the Joint UCL/UCLH Committees on the Ethics of Hu-
man Research (Reference Number: 05/Q0505/82). All women
received information about the study and written consent was
obtained prior to the ultrasound examination.

The data were analyzed using the StatGraphic data analysis and
statistical software package (Station, TX). Standard Kurtosis anal-
ysis indicated that some values were not normally distributed and
are therefore presented as median and interquartile range (IQR).
The median values of the different variable investigated in the
macrosomic and SGA subgroups and controls were compared using
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