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Abstract

Background: Multiple factors have been associated with an increased risk of fetal growth restriction. The risk of genetic syndromes in these cases is not well
established. The aim of this study was to determine the relationship between chromosomal abnormalities and early fetal growth restriction and to assess the
incremental yield of genomic microarray over conventional karyotyping in fetuses with early growth restriction.

Methods: A prospective observational study of early fetal growth restriction diagnosed between 2013 and 2016 in our hospital. Chromosomal microarray analysis
was performed in fetuses with early growth restriction defined as a fetal weight below the 3rd percentile estimated from 19 to 28 weeks of gestation, and a normal
conventional karyotype result. We performed a descriptive analysis of the mean, the interval and the standard deviation for continuous variables and an analysis of
absolute frequency and percentages for the categorical variables.

Results: Among 28 enrolled pregnant women, the incidence of early fetal growth restriction was 0.30%. We diagnosed 18.5 % of pathological results by arrays, but
only one case (3.7%) were diagnosed by conventional karyotype too. Incremental yield of chromosomal microarray analysis over karyotyping was 16%. We detected
a 20% incremental yield of chromosomal microarray analysis over karyotyping in fetus with structural anomalies, and a 17.6% incremental yield in isolated early
fetal growth restriction.

Conclusions: The use of chromosomal microarray analysis provided a 16% incremental yield of detecting copy number variations in fetuses with early growth

restriction and normal karyotype. Prenatal array should be part of the usual study of these fetuses, especially if there have ultrasound malformations associated.

Abbreviations

FGR: Fetal Growth Restriction, EFGR: Early Fetal Growth
Restriction, CMA: Chromosomal Microarray Analysis, CNV: Copy
Number Variations, SGA: Small for Gestational Age, EFW: Estimated
Fetal Weight, VOUS: Variants of Unknown Significance

Introduction

The conventional karyotype analysis has been the standard
method for the detection of chromosomal abnormalities for decades.
However, this technique is limited by the detection of chromosomal
alterations that are bigger than 5-10 Mb. Sub-microscopic deletions and
duplications, which are often associated with mental retardation and
fetal malformations [1], are not usually detected with the karyotype.
It is possible to evaluate the entire genome and detect copy number
variations (CNVs), smaller than 50-60Kb, which equals an increase of
100 times the resolution compared with the conventional karyotype.
Recent studies have focused specifically on the use of Chromosomal
Microarray analysis (CMA) in prenatal diagnosis of fetuses with
abnormal ultrasound findings [2]. When we reviewed the literature
to evaluate the increasing diagnosis with microarrays in prenatal
samples, we found that CMA detects 5.2% (IC 1.9 -13.9%) more cases of
fetuses with structural malformation than the karyotype analysis [3,4].
Hence, few studies have reported detection rates for early fetal growth
restriction (EFGR) fetuses.
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The diagnosis of fetal growth restriction (FGR) is based on
discrepancies between real and expected sonographic biometric
measurements for determined gestational age. Traditionally, it has been
defined as <10% percentile weight for gestational age and this establishes
the diagnosis of small for gestational age (SGA). In our practice, when a
fetus less than 10™ percentile weight for gestational age is identified, we
monitor fetal growth and fetal physiology over time. A normal growth
evolution, normal Doppler velocimetry of the umbilical artery and
normal amniotic fluid volume suggest a constitutionally small fetus or
minimal fetal impact from uteroplacental insufficiency [5].

Multiple factors have been associated with an increased risk of FGR.
It affects approximately 5%-10% of pregnancies and it is the second
cause of perinatal mortality [6]. Various elements, including intrinsic
fetal conditions as well as maternal, placental and environmental
factors, can lead to intrauterine growth restriction. Some of these
conditions have a genetic etiology: chromosomal abnormalities,
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monogenic diseases or epigenetic mutations. Up to 20% of FGR cases
are attributed to a genetic cause [7-10].

Chromosomal abnormalities have been reported for up to 9.3-19%
of fetuses with isolated FGR, and up to 4-21% in FGR with structural
anomalies. Apparently, the CMA achieved a 4% incremental yield over
karyotyping in non-malformed growth-restricted fetuses, and a 10%
incremental yield in FGR with structural malformations associated
[11-13]. Triploidies and trisomy 18 are the most common anomalies
in fetuses before and after 28 weeks of gestation, respectively. However,
the incidence of submicroscopic duplications/deletions and single-gene
disorders with normal karyotype in less than 28 weeks of gestation,
known as EFGR, is not well established.

We consider that it is important to establish the association
between chromosomal aberrations and early fetal growth restriction
(EFGR). By improving the diagnosis of these fetuses, we will improve
the monitoring of the pregnancy, adapting the use of complementary
examinations and, undoubtedly, providing the most accurate advice to
families.

Methods

Case selection

This was a prospective observational study that included all the
fetuses with less than 28 weeks of gestation affected with early growth
restriction that were diagnosed in our hospital between 2013 and 2016.
We analyzed: weeks of gestation when they were diagnosed, the use of
additional diagnostic tests, fetal karyotype (conventional karyotype and
chromosomal microarrays), associated malformations, how did the
pregnancy end and the obstetric history.

The gestational age was calculated according to the last menstrual
period and early pregnancy ultrasound results. All the ultrasound
examinations were carried out by the authors using an Acuson Antares
machine with a 2-3MHz convex transducer. The estimated fetal
weight (EFW) was calculated from the biparietal diameter, abdominal
circumference, and femur length using the Hadlock formula [14].
EFGR was diagnosed when the EFW was less than the 3th percentile for
gestational age, in pregnancies with 28 weeks or less. The amniotic fluid
volume and umbilical artery Doppler were assessed in all cases. EFGR
was classified into two groups: isolated EFGR, and EFGR associated
with others sonographic anomalies.

The cases included were those fetuses with a prenatal EFGR
diagnosis defined as pregnancies below 28 weeks and weight below the
3th percentile. The indication for invasive prenatal diagnosis was having
an EFGR. The exclusion criteria were the loss of gestational follow-up.

Chromosomal microarray analysis

The indication for invasive prenatal diagnosis was having an EFGR
with or without sonographic abnormalities. Array comparative genomic
hybridization compares the genomic content (DNA) of a patient
(case) with a normal control and detects not only aneuploidy and
major structural changes, but also submicroscopic gains or losses, and
unbalanced reordering. Previously we needed to know if the samples
came from a male or female fetus, for which the sample was subjected
to a QFPCR (quantitative fluorescence polymerase chain reaction) to
diagnose chromosomal abnormalities specific to whole chromosomes
(chromosomes 13, 18, 21, X and Y), a process that can be automated
and that allows lower costs and a faster diagnosis.

Amnijotic fluid (20 mL) was collected by amniocentesis at 19-28
gestational weeks with informed consent. The analysis was carried
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out using an oligonucleotides microarray that compares genomic
hybridization of approximately 60,000 probes distributed throughout
the genome (qChip Pre v1.1 Complete, qgenomics). The DNA of the
patient and internal reference DNA of the same sex with different
fluorophores, Cy5 and Cy3 respectively, was marked. Subsequently
the samples were hybridized on the array and scanned. The data
obtained was analyzed using the Genomic Workbench 7.0 software.
The average resolution of the array is 60kb, with higher resolution
for areas of microdeletion-microduplication syndromes, telomeric
and centromeric regions. The minimum number of consecutive
oligonucleotides was established in five to detect an anomaly.

The variants identified were compared to those recorded in
the Database of Genomic Variants (latest update May 2016). These
variants were classified as pathogenic, VOUS (Variants of unknown
significance, variants of uncertain clinical significance) or benign,
following the recommendations of the American College of Medical
Genetics standards and guidelines for interpretation and reporting of
postnatal constitutional copy number variants [15-18]. This report
was positively rated by The European Molecular Genetics Quality
Network.

Statistical analysis

The data was analyzed with SPSS 17.0. A descriptive analysis of the
mean, the interval and the standard deviation for continuous variables,
and of absolute frequency and percentages for the categorical variables
was performed.

Incremental yield was calculated as the proportion of the abnormal
results nondetectable by karyotyping divided by the total number of
cases with an eventual normal karyotype [12].

This study was approved by the Institutional Ethics Committee of
our hospital.

Results

A total of 28 cases were detected. The incidence of early growth
restriction in our studied population was 0.3%. The mean maternal
age was 32.8 years, 40.7% were primiparous and 59.3% multiparous.
The mean gestational age at diagnosis was 26.0 weeks in the patients
examined. Other variables have also been analyzed (Figure 1).

When we analyzed the obstetric history of the population studied,
we observed that 7.4% of them had a prior history of a child with a
neurodevelopment disorder and we had a case of a pregnant woman
who have had a pregnancy with a fetus affected with trisomy 18. Only
one case presented a recurrence of the diagnosis of fetal intrauterine
growth restriction.

The 35.7%(10/28) of our cases had EFGR and sonographic
alterations associated, 21.4% (6/28) of theme were structural fetal and
14.2% (4/28) non-structural alterations (Figure 2).

|solated EFGR EFGR with sonogra_phic structural

anomalies

Termination of pregnancy (%) o 10 (1/10)

Intrauterine demise (%) 0 20 (2/10)

Born alive (%) 100 (18/18) 70 (7/10)

Gestational age at delivery (weeks) 32.8 (29.3-41) 36.4 (33.1-40.4)

Preterm birth (%) 22.2 (4/18) 28.5 (217)

Labor induction (%) 55.5 (10/18) 57.1(4/7)

Cesarean section (%) 33.3 (6/18) 42.8 (3/7)
Birth weight (g) 1898 1835

Neonatal unit admission (%) 44.4 (8/18) 57.1(4/17)

Figure 1. Pregnancy outcomes
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Fetal MRI was performed in 17.8% of the cases (5/28), all of them
affected with sonographic abnormalities, which were confirmed by the
MRI in all the cases.

Fetal echocardiography was pathological in two cases: an apical
muscular ventricular septal defect (VSD) and a right aortic arch.

The study of prenatal infections was negative in all cases, including
those cases with mothers who were immune to Cytomegalovirus
(CMV). In these cases, the amniotic fluid was studied by PCR-CMV
without any pathological results in our series.

Fetal molecular karyotype and QF-PCR were performed in all of
the fetuses diagnosed with EFGR, detecting one case of trisomy XXY
(3.5%). Microarrays were conducted in all of the cases too and also
allowed us to detect 5 cases of CNV (5/27,18.5%): 4 were variants of
uncertain clinical significance (VOUS) and one was a pathogenic
CNV. The cases of VOUS diagnosed were: a deletion of 203 kb in the
chromosomal band 2q31.2, a duplication of 269Kb in the chromosomal
band Xp22.31, a deletion of 1Mb in the chromosome band 5q35.3 and
a deletion of 2.7 Mb in the chromosomal band 21q22.3, which did not
match with polymorphic CNVs and could alter the structure or the
reference gens. These alterations can be classified as VOUS since there is
not enough literature that classifies them as benign or pathogenic. The
pathogenic CNV detected was a duplication of 25Mb of chromosome
bands 1q32.2q42.2, which was detected by conventional karyotype
too, and altered the dose of more than 300 genes RefSeq, some of
them described at OMIM (Online Mendelian Inheritance in Man) and
clearly pathological (Figure 3).

We diagnosed 18.5% (5/27) of the pathological results by arrays, but
only one cases (3.7%) were diagnosed by conventional karyotype too.
Incremental yield of CMA over karyotyping was 16%. We detected a
20% incremental yield of CMA over karyotyping in malformed growth-
restricted fetuses, and a 17.6% incremental yield in isolated EFGR.

Legal interruption of pregnancy was requested by one of the
patients, which represents a 3.5% of all the women studied. We had 2
cases of antenatal mortality (7.4%) and 48% (12/25) of the births were
attended at the neonatal unit. Due to neurodevelopment problems, 28%
(7/25) of the cases are in neurology follow-up at this moment.

M Central nervous system defects
M Limb defects
Cardiovascular defects
m Single umbilical artery
m Oligohydramnios

Figure 2. Malformations associated with EFGR

sz cma SRORRNE  eurodevelapment
Duplication1q32.2q42.2 (205,462,090-230,639,499) x3 25Mb Pa‘gi‘g‘f”'c L"“:ﬁ;%‘éﬁem V“'“Qf‘:'r‘gé"n':;"c’}f’“““
Deletion 2122.3 (45390755_48090317) x1 2.7Mb vous Riga"li da‘ggé;'c" Affected
Deletion 2q31.2 (178,278,136178,481,830) x1 203kb | VOUS Isolated EFGR Normal
Duplication Xp22.31 (8391952_8661109) x2 269Kkb | VOUS Isolated EFGR Normal
Deletion 5q35.3(178645539_179707778)x1 Mb vous Isolated EFGR Affected

Figure 3. Detected CNV
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Discussion

When ultrasound examination suggests fetal growth restriction (FGR),
prenatal care involves confirming the suspected diagnosis, determining
the cause and severity of it, counseling the parents and determining the
optimal time of delivery, if necessary. FGR resulting from intrinsic fetal
factors, such as aneuploidies, congenital malformations or infections,
often results in a prognosis that cannot be improved by any interven-
tion.

The study of the natural history of the FGR has some peculiarities
which make it difficult to establish its prevalence. On the one hand,
defects in fetal growth are often left unidentified before birth. On the
other hand, it doesn’t help that scientific studies have generalized the
use of small for gestational age (SGA) and FGR as synonyms. Small
fetus by gestational age (SGA) refers to the fetus that simply has a
weight below the expected threshold for weeks of pregnancy but that
does not present a vital commitment and the Doppler velocimetry
parameters are preserved, unlike what happens in the fetuses affected
with growth retardation. All of the foregoing makes it difficult to
establish a prevalence of FGR and even more when it comes to early
FGR, where the data is less studied. It is described that the defect of fetal
growth affects 5-10%13 of pregnancies, but how many of them have a
delay in early fetal restriction growth is to be determined. Temming et
al. [19] found that fetal growth restriction in the early second trimester
occurred in less than 3% of the cases, but his study was retrospective.
We have detected in our prospective serie a prevalence of only 0.3%,
lower than the one reported by authors like Temming. We agree with
Dall’Asta et al. [20] in the commentary on Temming, who defines the
restriction of fetal growth as a fetal abdominal circumference lower
than the 10th percentile and the pulsatility index of the umbilical
artery greater than the 95th percentile. Recently, an international group
of experts [21] in fetal medicine defined the early restriction of fetal
growth as fetal biometric parameters lower than the 3rd percentile or a
severely abnormal Doppler of the umbilically artery, final diastolic flow
or two out of three of the biometrics below the 10th percentile and a
pulsatility index of the umbilical or the uterine artery greater than the
95th percentile. Therefore, it is likely that most of the cases included by
Temming et al. were fetuses constitutionally small and not with early
restriction of growth, which are the ones pathologically small, hence his
prevalence is higher than what we have found in our series.

Multiple factors have been associated with an increased risk of
FGR. Genetic contribution to the causes of FGR has been established
by 20% [11,12]. CMA provides high resolution genomic coverage by
improving the diagnostic capacity of genetic studies. The incidence of
submicroscopic duplications/deletions and single-gene disorders in
FGR and normal karyotype is not well established. Karyotype analysis
identified chromosomal aberrations in 9.3% of the cases, while CMA
detected abnormalities in 18.8% of the cases. CMA achieved a 11.4%
detection rate of chromosomal abnormalities among FGR cases with a
normal karyotype [13]. Borrell et al. [12] reported results derived from
this multicenter study that indicate that genomic microarray analysis
leads to a 6.8% incremental yield over conventional karyotyping in
fetuses with early growth restriction, and when stratified according to
associated anomalies, this rate was 4.8% in isolated FGR and 10.5% in
FGR with major structural anomalies. We detected from the analysis of
our series that incremental yield of chromosomal microarray analysis
over conventional karyotyping in fetuses with early growth restriction
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was 16%. We agree with both authors that chromosomal aberration
is more frequent in the group of EFGR with associated anomalies.
These results are in agreement with those published in the literature.
Interestingly, the findings of our study demonstrate the added value
of CMA compared with karyotyping, as it can be applied to not only
evaluate FGR cases with sonographic anomalies but also FGR cases
without anomalies.

Microarrays were conducted in all of the cases. We detected 5 cases
of CNV (18.5%): four cases of VOUS and one case of a pathogenic
CNV. One of the cases of VOUS diagnosed was a deletion of 203
kb in the chromosomal band 2q31.2. It does not match with CNV
polymorphs and alters the structure and dose of the PDE11A gene
(Phosphodiesterase 11A; OMIM 604961) [22]. Those specific mutations
have been described as variants of predisposition associated with
pigmented nodular adrenocortical hyperplasia and Cushing’s disease.

The case of the double aortic arch was associated with a deletion
in the chromosomal band 21q22.3, which altered the structure and
the dose of 50 gens of reference, including COL6A1 and COL6A2
genes. These mutations have been associated with Bethlem myopathy
with autosomal dominant inheritance pattern and Ullrich congenital
muscular dystrophy [23,24], more severe and with recessive inheritance.

Another of the VOUS identified was a duplication of 269Kb in the
chromosomal band Xp22.31, which also does not match with described
polymorphic CNVs and could alter the structure or the dose of
reference genes, such as KAL1 gene. The KAL1 gene encodes a protein,
anosmin-1, that plays a key role in the migration of GNRH (OMIN
152760) neurons and olfactory nerves to the hypothalamus [25].

All the newborns affected with VOUS described previously
presented an optimal postnatal evolution. However, in the case of the
terminal deletion of the long arm of chromosome 5, the evolution
was not so good. This deletion compromises the structure of 15
genes and 4 microRNAs. Among them, there are three morbid ones:
ADAMTS2 (OMIN 604539) [26] associated to an autosomal recessive
form of Ehlers-Danlos syndrome Type VIIC; LTC4S (OMIN 246530)
associated to an autosomal recessive Leukotriene C4 synthase deficiency
(OMIN 614037) [27]; and SQSTM1 (OMIN 601530) associated to an
autosomal dominant Paget’s disease (OMIN 602080) [28] and to an
autosomal recessive type of neurodegeneration, ataxia and dystonia
(OMIN 617145) [29]. Postnatally, this child developed a moderate
ventriculomegaly during the first months of life and is under follow-
up by neuropediatric. There is a possibility of requalifying VOUS as a
pathogenic CNV if the scientific evidence suggests it.

The pathogenic CNV detected was a duplication of 25Mb of
chromosome bands 1q32.2q42.2 (1q32.2q42.2(205,462,090-230,639,499)
x3), which was detected by conventional karyotype. This duplication
altered the dose of more than 300 genes RefSeq, some of them described
at OMIM and clearly associated to pathology. Several pacifying
duplications of chromosome 1 have been described in the literature
and are associated with various phenotypes that include low stature,
macrocephaly, low implantation ears, micro retrogression, heart defects,
urogenital anomalies and intellectual disability. At the prenatal level,
anomalies of chromosome 1 have been reported associated at the first
trimester with an increased nuchal translucency and, in the second
trimester, with anomalies as ventriculomegalies or omphaloceles,
among others [30,31].

Regarding the perinatal results, it is difficult to find a population
of study similar to ours, given the great diversity of studies and the
poor homogeneity of themselves. In all the cohorts FGR pregnancies
presented a risk for fetal death greater than for non-FGR pregnancies
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at all gestational ages. Story [32] carried out a study with the purpose
of assessing the outcome of pregnancies where an estimated fetal
weight less than the third percentile was detected prior to 24 weeks
gestation. Twenty pregnancies were included in the analysis and 60%
survived until discharge. Of the livebirths, 67% delivered preterm
and 100% percent of livebirths were delivered by caesarean section. A
prospective multicenter randomized study of fetal growth restriction
management (Trial of Randomized Umbilical and Fetal Flow in Europe
-TRUFFLE) [33] performed in 20 European perinatal centers between
2005 and 2010, included women with a singleton fetus at 26-32 weeks
of gestation, with abdominal circumference < 10(th) percentile and
umbilical artery Doppler pulsatility index > 95(th) percentile. The study
showed that 2.4% of the babies died in utero, which was less than what
was published by the Story [28] group.

According to the literature, FGR is a strong risk factor for stillbirth,
neonatal death, preterm birth, ischemic encephalopathy, cerebral
palsy, special educational needs and many other diseases in adult life
[22,34,35]. In our study, we had a 7.4% rate of stillbirth. The survival
rate was 92.6%, similar to those obtained by the TRUFFLE trial and
superior to that presented by other authors as Story [27]. Few data exist
on counseling and perinatal management of women after an antenatal
diagnosis of early-onset fetal growth restriction. Moreover, the poor
homogeneity in the works is still a major problem.

Conclusions

The chromosomal study is necessary when an EFGR is diagnosed.
Although our sample is small, our work shows that the application of
the CMA in these cases contributes to a significant increased yield to
the conventional karyotype, which entails better advice to the parents
and an optimal control of the gestation.
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