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1 |  INTRODUCTION

Koolen- de Vries syndrome is a genomic disorder character-
ized by hypotonia, distinctive facial features, including tall, 
broad forehead, long face, upslating palpebral fissures, epi-
canthal folds, tubular nose with bulbous nasal tip, large ears 

and moderate to severe intellectual disability (ID). More vari-
able features include cardiac or genitourinary anomalies and 
seizures (Koolen et al., 2006, 2008).

It is usually recognized postnatally in children with the 
typical clinical findings and/or in individuals with ID tested 
by means of chromosomal microarrays (CMA; arrayCGH or 

Received: 18 May 2020 | Revised: 12 February 2021 | Accepted: 19 February 2021

DOI: 10.1002/mgg3.1649  

O R I G I N A L  A R T I C L E

Prenatal ultrasound findings in Koolen- de Vries foetuses: Central 
nervous system anomalies are frequent markers of this syndrome

Fe Amalia García- Santiago1,2,3,6  |   Cristina Martínez- Payo4 |   Elena Mansilla1,2,3,6 |   
Fernando Santos- Simarro1,2,3,6 |   Miguel Ruiz de Azua Ballesteros4 |   María Ángeles Mori1,2,3 |   
Eugenia Antolín Alvarado2,5 |   Yolanda Nieto4 |   Isabel Vallcorba1 |   Jair Tenorio1,2,3,6 |   
Julián Nevado1,2,3,6  |   Pablo Lapunzina1,2,3,6

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original 
work is properly cited.
© 2021 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals LLC.

1INGEMM, Institute of Medical and 
Molecular Genetics- IdiPAZ, Hospital 
Universitario La Paz, Madrid, Spain
2Universidad Autónoma de Madrid, 
Madrid, Spain
3Centro de Investigación Biomédica en 
Red de Enfermedades Raras (CIBERER), 
Unidad 753, ISCIII, Madrid, Spain
4Department of Gynecology and 
Obstetrics, Hospital Universitario Puerta 
de Hierro, Madrid, Spain
5Department of Gynecology and 
Obstetrics, Hospital Universitario La Paz, 
Madrid, Spain
6The European Reference Network on 
Intellectual Disability, TeleHealth and 
Congenital Anomalies (ERN ITHACA), 
Brussels, Belgium

Correspondence
Fe Amalia García- Santiago, 
INGEMM-  Institute of Medical 
and Molecular Genetics, Hospital 
Universitario La Paz- IdiPAZ- CIBERER- 
Centro de Investigación Biomédica en 
Red de Enfermedades Raras, ISCIII, 
Paseo de la Castellana 261, 28046 
Madrid, Spain.
Email: feamalia.garcia@salud.madrid.org

Abstract
Objective: Prenatal diagnoses of microdeletion syndromes without ultrasound find-
ings in the first and second trimester are always difficult. The objective of this study 
is to report the prenatal ultrasound findings in four foetuses diagnosed with 17q21.31 
microdeletions (Koolen- de Vries syndrome) using chromosomal microarrays (CMA).
Patients and Methods: We present four foetuses with 17q21.31 microdeletion. All 
showed CNS anomalies in the third trimester, three had ventriculomegaly, and one 
hypogenesis of corpus callosum at 31 weeks of pregnancy.
Results: Array- SNPs and CGH- array were performed on uncultured amniocytes and 
peripheral blood revealing a 17q21.31 microdeletion.
Conclusions: Prenatal CNS anomalies (mainly ventriculomegaly) at third trimester, 
in spite of isolate, should be considered a prenatal ultrasound marker of this syndrome. 
This kind of malformations raise the possibility of an underlying genetic conditions 
including 17q21.31 microdeletion; thus, CMA should be taken into consideration 
when offering prenatal genetic counselling.
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17q21.31 microdeletion, genomic imbalance, Koolen- de Vries syndrome, prenatal diagnosis, 
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SNParray). However, there are very few cases diagnosed pre-
natally since the changes in the prenatal age are very subtle 
and most of the time they are not observable until the third 
trimester. The decision to perform an invasive prenatal diagno-
sis test after the observation of these subtle ultrasound abnor-
malities found in the third trimester of pregnancy often leads 
gynaecologists and parents to indecision, and sometimes either 
physicians or the couple choose wait until the birth of the baby.

We here report on four patients with Koolen- de Vries 
syndrome diagnosed with CMA. Three of them showed ven-
triculomegaly in the third trimester of pregnancy, and one 
hypogenesis of corpus callosum and ventriculomegaly was 
established in the newborn at 31 weeks of gestation.

2 |  PATIENTS AND METHODS

2.1 | Clinical descriptions

All patients were referred for genetic assessment, one of them by 
a gynaecologist and the rest by neonatologists at birth. All pa-
tients were born to healthy, non- consanguineous parents with-
out significant family history unless noted otherwise (Table 1).

2.2 | Patient 1

A 33- year- old woman at 26 + 5 weeks of gestation was re-
ferred to our centre because of the ultrasound examination 
revealed a bilateral, grade II hydronephrosis and unilateral 
mild ventriculomegaly, which was estimated at 10.2 mm. Her 
husband was 37 years old, and the couple was unrelated. The 
family history was unremarkable, and no teratogenic expo-
sure was noted. At 12 + 4 weeks of gestation, nuchal trans-
lucency was 1.4 mm (50th centile), and crown- rump length 
was 61  mm. Based on these measurements, hormones and 
maternal age, the risk for trisomy 21 was 1:7,304 and for tri-
somy 18 as 1:2,258. A CMA in amniotic fluid reported the 
diagnosis of Koolen- De Vries syndrome.

2.3 | Patient 2

This female newborn was referred to us with hypotonia and 
an abnormal phenotype. She was the second child of an un-
related the couple; her mother was 32 years old. The family 
history was unremarkable, and no teratogenic exposure was 
noted. At 12 + 2 weeks of gestation, nuchal translucency was 
2.06 mm (p70) and crown- rump length was 64 mm. The risk 
for trisomy 21 was 1/6,975 and for trisomy 18 < 1/10,000. 
Ultrasound examination at 32 + 4 weeks revealed a bilateral 
ventriculomegaly, right ventricle 12.5  mm and left ventri-
cle 12.8 mm. At 35 + 3 weeks, hepatomegaly and placental T
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calcifications were also detected; thus, an infection- work 
up was requested, eventually ruling out infectious diseases. 
Weight at birth (40 + 4 weeks) was 2,888 gr (10– 25th cen-
tile), length 48 cm (10th centile), and OFC 35.5 cm (75– 90th 
centile). Echocardiography revealed an atrial septal defect. 
Mild bilateral ventriculomegaly was observed at birth, (right 
31  mm and left 28.7  mm). A CMA in blood at birth con-
firmed the diagnosis of Koolen- De Vries syndrome.

2.4 | Patient 3

This boy was born at 38 weeks of gestation showing hypoto-
nia and a peculiar phenotype. Weight at birth was 2,880 gr. 
(10th centile). The couple was unrelated. The family his-
tory was unremarkable, and no teratogenic exposure was 
noted. The nuchal translucency was 2.2 mm at the first tri-
mester. The risk for trisomy 21 was 1/458 and for trisomy 
18  <  1/10,000. Non- Invasive Prenatal Test was performed 
for chromosomes 13, 18 and 21, informing low risk for ab-
normalities of these chromosomes. Ultrasound examination 
revealed a bilateral ventriculomegaly at 22 weeks, right and 
left ventricle 12 mm. A CMA in blood after birth confirmed 
the diagnosis of Koolen- De Vries syndrome.

2.5 | Patient 4

This preterm newborn was born at 31 weeks of gestation due 
to severe intrauterine growth retardation, oligoamnios and 
risk of loss of foetal well- being. Birthweight was 1,120 gr. 
and length of 40 cm. A nuchal translucency of 4.2 mm and a 
hyperechogenic focus on left ventricle had been reported at 
12 weeks of gestation. In the neonatal period the baby had 
hypotonia, a mild supravalvar pulmonary stenosis plus atrial 
septal defect, ostium secundum type, unilateral grade II- III 
ureterovesical reflux, severe dysgenesis of corpus callosum 
and bilateral hippocampal dysplasia. A CMA in peripheral 
blood confirmed the diagnosis of Koolen- De Vries syndrome.

2.6 | Methods

A genome- wide scan of 850,00 tag SNPs was conducted on 
three patients, using the Illumina Infinium CytoSNP- 850 k 
BeadChip according to the manufacturer's specifications 
(Illumina). GenCall scores <0.15 at any locus were con-
sidered ‘no calls. Image data were analysed using the 
Chromosome Viewer tool contained in Genome Studio 
(Illumina). In addition, an allele frequency analysis was ap-
plied for all SNPs. All genomic positions were based upon 
NCBI Build 37 (dbSNP version 130). In patient number 3 
used array- CGH KaryoNim Prenatal 60 K was performed.

3 |  RESULTS

The CMA data confirmed the presence of a 17q21.31 dele-
tion in all our patients. The deletions extended from 41.07 
to 41.57 Mb, within band 17q21.31. Figure 1 indicates the 
sizes and positions of the deletions. These deletions were 
confirmed by FISH using BAC clone MAPT (Agillent 
SureFISH, USA) located within the deleted region. The par-
ents’ karyotypes were all normal, and FISH analyses using 
the same clone were also normal.

4 |  DISCUSSION

ID occurs in approximately 2%– 3% of the general population 
(Leonard & Wen, 2002). Almost any cases show ultrasound 
alterations or these alterations do not appear until the third tri-
mester. Genomic imbalances are a major cause of congenital 
and developmental abnormalities observed in patients with 
dysmorphic features, ID, autistic spectrum disorders (ASDs) 
and/or multiple congenital anomalies (MCAs). Array com-
parative genomic hybridization (aCGH) is a powerful mo-
lecular tool to detect and study genomic imbalances, disease 
mechanisms and pathogenesis; which is rapidly becoming as 
a new gold standard in postnatal cases (Miller et al., 2010; 
Vallespin et al., 2013) and in prenatal cases with congenital 
malformations (Armengol et al., 2012). We here correlated 
specific prenatal ultrasound findings (CNS) with a micro-
deletion syndrome (17q21.31 deletion; Koolen de Vries 
syndrome) and consequently to help parents in the prenatal 
counselling.

The 17q21.31 microdeletion syndrome (Koolen- de Vries 
syndrome) is a clinically recognizable genomic disorder 
(MIM 610443) (Koolen et al., 2006; Sharp et al., 2006). The 
common phenotype observed in almost all affected individu-
als includes developmental delay, hypotonia, a friendly/ami-
able behaviour and mild and characteristic dysmorphic facial 
features (Koolen et al., 2008, 2016). These authors included 
other features as ventriculomegaly (38%), skeletal abnor-
malities (scoliosis/kyphosis [36%], cryptorchidism [78%], 
kidney/urologic defects [32%]). The minimal critical region 
that is recurrently deleted in individuals with the 17q21.31 
microdeletion syndrome is a 478- kb region, which is thought 
to result from non- allelic homologous recombination, me-
diated by flanking low- copy repeats (Koolen et al., 2006). 
This region encompasses six genes, including C17orf69, the 
corticotrophin releasing hormone receptor 1 gene (CRHR1) 
(MIM 122561) and the microtubule associated protein tau 
gene (MAPT) (MIM 157140) (Koolen et al., 2008). These 
authors established that the haploinsufficiency of one or 
more of these genes might underlie the phenotype seen in the 
17q21.31 syndrome. In addition, Tan et al. (2009), Zollino 
et al. (2012) and Koolen et al. (2012) included KANSL1 gen 
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in this critical region of this syndrome. The KANSL1 gene 
encodes a nuclear protein that plays a role in chromatin mod-
ification. It is a member of a histone acetyltransferase (HAT) 
complex (Smith et al., 2005), detected high expression in 
liver and intermediate expression in all other adult and foetal 
brain. All these authors evidencing finally that the patients 
which had mutations within KANSL1 had phenotypic traits 
of this syndrome.

Review of previously reported cases of 17q21.31 mi-
crodeletion syndrome (Egloff et al., 2014) revealed that 
although the diagnosis was made postnatally in most, a 
significant proportion (33.8%) had prenatal brain findings, 
suggesting that the diagnosis could have been made at an 
earlier stage (Dornelles- Wawruk et al., 2013; Dubourg et al., 
2011; Egloff et al., 2014; El CFhehadeh- Djebbar et al., 2011; 
Jaillard et al., 2010; Kitsiou- Tzeli et al., 2012; Koolen et al., 
2008, 2012; Sharkey et al., 2009; Shaw- Smith et al., 2006; 

Tan et al., 2009; Terrone et al., 2012; Wray, 2013; Wright 
et al., 2011).

Enlargement of the ventricles may occur for a number of 
reasons, such as loss of brain volume (perhaps due to infec-
tion or infarction), or impaired outflow or absorption of cere-
brospinal fluid from the ventricles. Often, however, there is 
no identifiable cause. This diagnosis is generally found in the 
routine foetal anomaly scan at 18– 22 weeks of gestation. It is 
one of the most common abnormal brain findings on prenatal 
ultrasound, occurring in around 1– 2 per 1,000 pregnancies 
(Achiron et al., 1993; Tomlinson et al., 1997). In many cases 
of mild ventriculomegaly, however, there is resolution during 
the pregnancy. In patient 4 although no ventriculomegaly was 
described in prenatal US, a diagnosis of dysgenesis of corpus 
callosum was established in the neonatal period. Septal heart 
defects were found in two cases at birth (atrial septal defects). 
These kinds of heart defects are very difficult to detect in 

F I G U R E  1  Fig. 1: A: Dark area indicates the genomic rearrangement in deletion at 17q21.31. The metric used was the log R ratio which is the 
log (base 2) ratio of the observed normalized R value for a SNP divided by the expected normalized R value (under manufacturer’s specifications). 
B:  moderate bilateral ventriculomegaly in foetus 2. C: mild unilateral ventriculomegaly in foetus 1. D: bilateral hydronephrosis grade II in foetus 1. 
E: 3D US in surface rendering mode shows mild hypertelorism and broad nasal bridge in foetus 1.
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prenatal ultrasound because the foramen oval is always open 
in foetal life. One of the foetuses showed bilateral hydrone-
phrosis grade II. This pregnancy was interrupted; for this rea-
son, we did not have data at birth of this patient.

The observation of minor malformations in prenatal di-
agnosis, especially in pregnancies over 22 weeks, is a source 
of uncertainly when it comes to genetic analysis. However, 
these findings are the only prenatal expression of many ge-
netic disorders, as many of them do not present major malfor-
mations in this period. From our point of view, it is important 
to evaluate each case individually when counselling parents 
and to inform them about the possibility of invasive genetic 
tests in order to rule out microdeletions and microduplication 
syndromes. This is especially relevant for those syndromes 
with severe consequences in postnatal life.

In summary, it has been shown that CNV occur in about 
0.4% of pregnancies and are unrelated to maternal age or 
scape to classical aneuploidy screening. We reported the 
observation of CNS abnormalities in prenatal diagnosis of 
foetuses with 17q21.31 deletion syndrome. Combined with 
imaging examination, the application of CMA improves the 
diagnosis of submicroscopic chromosomal aberrations in 
foetuses with congenital anomalies. Thus, prenatally detected 
CNS (mainly ventriculomegaly and abnormalities of corpus 
callosum) should orientate gynaecologists and obstetricians 
to the possibility of a microdeletion/microduplication syn-
drome and consequently to offer invasive diagnostic methods 
to the couple. Prenatal ventriculomegaly should be added as 
a marker of the Koolen- de Vries syndrome.
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