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Abstract
Objective: To determine the relationship between chromosomal abnormalities and craniofacial malformations (CFMs) in the
prenatal stage.

Methods: We included in this retrospective observational study 26 cases of CFMs diagnosed in our hospital between 2010 and

2016 based. We performed a univariate 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: The incidence of CFMs in our group was 0,17%. Or official clefts represent 50% of CFMs (N=13). We also found 8

cases of craniofacial dysplasia; 3 cases of craniofronto nasal dysplasia and hypertelorism syndrome (11.5%), 3 cases of maxilla
nasal dysplasia (11.5%) and 2 cases of maxillo-mandibular dysplasia (7.7%). Two facial tumors (7.7%) and one case of craniosynostoses (3.8%) were diagnosed. One case of Otocephalia Complex (3.8%) and another of popliteal pterygium syndrome
(3.8%) were also described. Fetal karyotype was performed in 81% of the fetuses detecting two cases of trisomy 13. Microarrays
were conducted in 27% of the cases and we did not detect any significant change in the number of chromosomal abnormalities.

Conclusions: The incidence of CFMs in our population was 0.17% and the most common CFMs were isolated cleft lip. The

7.7% of the cases of CFMs presented a chromosomal abnormality. Microarrays did not detect any significant change in the number of chromosomal abnormalities, probably due to the small number of cases. Our study demonstrates that an early detection of
CFMs at the first trimester morphological ultrasound is possible.
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Introduction
The conventional karyotype analysis of chromosomes 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, are not
detected by conventional Karyotyping [1]. The Chromosomal Microarray Analysis (CMA) allows to identify micro deletions and
1

micro duplications that are not usually detected with the karyotype. It is possible to evaluate the entire DNA genome and detect Copy Number Variations (CNVs), smaller than 50 Kb, which
equals an increase of 100 times the resolution compared with the
conventional karyotype. Recent studies have focused specifically
on the use of CMA in prenatal diagnosis of fetuses with abnormal
ultrasound findings. When we reviewed the literature to evaluate
the increasing diagnosis with arrays in prenatal samples, we found
that CMA detects a 5.2% (1.9-13.9%) more cases of fetuses with
structural malformation than the analysis with karyotype [2,3].
Craniofacial malformations (CFMs), occurring in 1 out of
1000 live births, are serious health conditions that cause a large
number of Comorbidities affecting the future patient´s life. CranVolume 2017; Issue 02
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iofacial conditions as or official clefts, craniosynostoses, mandibulofacial dysostoses and tumors are the most frequent. Many
of these conditions which have a genetic etiology (chromosomal,
gene disorders or epigenetic mutation), may have a teratogenic
cause, be part of a genetic syndrome and also be associated to
other organs and systems disorders. The physio pathological classification of the CFMs makes differences between: malformations
caused by an early closure of sutures of the craniofacial skeleton
and those produced by an intrinsic alteration in the process of development of the different facial structures affecting the first and
second bronchial arch [2-5]. We consider that the exploration of
the fetal face is becoming increasingly important in the first trimester of gestation. Therefore, to establish the association with
fetal chromosomal disorder is important for the prenatal diagnosis
and subsequent advice of the parents.

iofacial dysplasia: 3 cases of craniofrontonasal dysplasia and hypertelorism syndrome (11.5%), 3 cases of maxilla nasal dysplasia
(11.5%) and 2 cases of maxilla mandibular dysplasia (7.8%). Two
cases of facial tumors (7.8%) and one case of craniosynostoses
(3.8%) were diagnosed. One case of otocephaly complex (3.8%)
and one case of Popliteal Pterygium Syndrome (3.8%) were described. Malformations in the central nervous system and the skeletal system were the most common anomalies associated (30%, 8
cases) (Figure 2).

Methods
This was a retrospective observational study that included
all CFMs diagnosed in our hospital between 2010 and 2016. We
analyzed the CFM type, the weeks of gestation when they were diagnosed, the use of additional diagnostic tests, the fetal karyotype
(conventional karyotype and chromosomal microarrays) and the
ending of the pregnancy. The inclusion criteria were: fetus with
prenatal CFM diagnosis. The exclusion criteria were: loss of gestational follow-up. This study was approved by the Institutional
Ethics Committee of our hospital. All the ultrasound examinations
were carried out by the authors using an Acuson Antares machine
with a 2-3MHz convex transducer. The data has been analyzed
with SPSS 17.0. A univariate descriptive analysis of the mean, the
interval and the standard deviation for continuous variables, and
of absolute frequency and percentages for the categorical variables
has been performed.

Figure1: Classification of malformations

Results
A total of 26 CFMs were detected, corresponding to an incidence of 0.17%. We distinguished two groups: those caused by
an early closure of the sutures of the craniofacial skeleton, called
craniosynostoses and faciocranioynostosis, and those that are considered neural crest anomalies, like the first and second brachial
arch syndromes, cleft lip and cleft palate. The mean age of the
patients studied was 29.1 years and the mean gestational age at the
moment of the examination was 12+6 weeks in the patients examined at the first trimester and 21+2 weeks in the patients examined
at the second trimester. According to the physiopathological classification, we distinguished those cases caused by an early closure
of the sutures of the craniofacial skeleton, called craniosynostoses
and faciocranioynostosis, and those that are considered neural
crest anomalies, like the first and second brachial arch syndromes,
cleft lip and cleft palate. CFMs correspond to 3% of all the malformations diagnosed in our center. (Figure 1) Our results were: 50%
(13) of CFMs were or facial clefts. We also found 8 cases of cran2

Figure 2: Genetic and chromosomal associations with CFMs.

The fetal karyotype was performed in 81% of fetuses, detecting two cases of trisomy 13. Microarrays were conducted in 27%
of the cases and we did not detect any significant change in the
number of chromosomal abnormalities. The mutation c.250C>T
(p.Arg84Cys) associated with the pterygium popliteal syndrome
was located in the IRF6 gene. We detected 19% of the CFMs during the first trimester by early ultrasound and 73% of the CFMs
Volume 2017; Issue 02

Citation: Pérez SP, Seguer JJ, Pujadas AR, Azuara LS, Juanos JL, et al. (2017) Contribution of Chromosomal Microarray Analysis to the Prenatal Diagnosis of Fetal
Craniofacial Malformation. Biomark Applic: BMAP-108.

during the second trimester ultrasound with a false negative rate of
7.6%, because two cases of cleft palate were not detected.
Fetal MRI was performed in 58% of cases and it confirmed
the monographic diagnosis in all the cases. Legal interruption of
pregnancy was requested by 54% of the pregnant women. We had
one case of antenatal mortality (3.8%) and 11 births were attended,
which corresponded to 7 cases of or facial cleft, 2 cases of nasal
bone hyperplasia and 2 cases of facial tumor. All of them had a
good neonatal development, and surgical repair of the CFMs was
conducted in 9 of the 11 cases.

Discussion
The face of a fetus represents one of the most interesting
anatomical regions to explore prenatally. CFMs had an incidence
of 0.17% in our population and the most common CFM was isolated cleft lip, which is consistent with what has been published
in the literature so far [6,7]. We also agree that or facial clefts are
the most prevalent of the CFMs. The diagnosis rate in our study
was acceptable and higher than what has been previously reported
by some groups, especially regarding the second trimester of gestation. A study from Southern Sweden [8] about cleft detection
reflected the contemporary practice in the period 2006-2010, and
it had a detection rate of 31% (isolated midline clefts were excluded). This detection rate compares unfavorably with a study
that most closely resembles UK [9] practice, which reported a 64%
rate of prenatal detection for cleft lip, palate or both. However, it
seems that the use of higher resolution ultrasound equipment and
the incorporation of protocols for examining the fetal face can improve sensitivity to as high as 75% [10]. The diagnosis rate in our
study (73%) is consistent with what is published in the literature,
as we said. Based on the fact that we have performed a detailed and
protocol zed fetal ultrasound examination in the first trimester, we
have been able, in some cases, to advance the prenatal diagnosis
of CFMs.
Over the last few years we have seen improvements in twodimensional imaging and the arrival of three- and four-dimensional
ultrasound technology, coupled with different techniques for visualizing the fetal face, the hard and the soft palates [11,12]. A routine screening for other malformations, especially skeletal, central
nervous system and cardiac defects, may need to be considered.
Furthermore, genetic counseling may be warranted in the majority
of these cases [13]. We have diagnosed eight cases of craniofacial dysplasia: one case of Pierre Robin sequence [14,15] and two
cases of Binder syndrome [16]. Interesting by its rarity, otocephaly
complex [17] was also diagnosed (Figure 3).

3

Figure 3: The photos above correspond to a Binder syndrome and below
to an Otocephalia complex.

Despite the limitations of our sample, there are just a few
series reported in the literature about the impact of chromosomal
abnormalities in the prenatal diagnosis of CFMs, attributable to the
low prevalence of these malformations. Karyotype abnormalities
were reported in 7,7% of craniofacial malformations: two cases of
trisomy 13 which, according to what has been published by other
authors, are chromosomal numerical abnormalities that can cause
a CFM [18].
It has been discussed that the microarray provides an improvement of the diagnosis between 1.9 -13.9% [3,4] in the prenatal diagnosis, according to different publications. While it is true
that our sample is small, we could say that it is one of the few published series that emphasizes the contribution of the microarray in
these cases. Microarrays did not detect any significant change in
the Copy Number Variants (CNV), presumably due to the small
number of cases.
Exonic mutations in Interferon Regulatory Factor 6 (IRF6)
was associated with popliteal pterygium syndrome. We performed
direct sequence analysis of the interferon regulatory factor 6 exons and we identified the mutation c.250C> T (p.Arg84Cys) in
the fetus affected by this syndrome, confirming the diagnosis. This
syndrome is a condition inherited in an autosomal dominant manner and it is caused by point mutations in the IRF6, a gene located
at 1q32. Specifically, this missense mutation causes a change of
an arginine by a cysteine at the position 84 related to or official
clefting disorders and has been previously reported [19]. Muta-

Volume 2017; Issue 02

Citation: Pérez SP, Seguer JJ, Pujadas AR, Azuara LS, Juanos JL, et al. (2017) Contribution of Chromosomal Microarray Analysis to the Prenatal Diagnosis of Fetal
Craniofacial Malformation. Biomark Applic: BMAP-108.

tions in the IRF6 are identified in 97% of the patients affected by
the popliteal pterygium syndrome.
A genetic contribution to CFMs has been described in many
syndromic associations. Some genes have been identified and we
know that they play a role in the craniofacial development (1p36,
2p21, 3p11.1, 8q21.3, cleft lip and palate transmembrane protein
1, GAD1, AXIN2, FGFR1, FGFR2, IRF6, PDGFC) [20-22]. Although many clefts occur within the families, in a large number of
cases there is no corresponding syndromic appearance identified
yet. Moreover, our data about the genetic factors that contribute to
the more common cases is still incomplete. The current knowledge
of CFMs is partial, but we believe that advances in genetics such
as comparative genomic hybridization and whole-exome analysis may reveal new. Early ultrasound detection is essential for the
management of this congenital defect and for the counseling of
these parents.

Conclusions
A significant number of chromosomal abnormalities and
non-chromosomal syndromes have facial alterations associated to
them. In our series, CFMs presented a chromosomal abnormality
in the 7.7% of the cases. Microarrays did not detect any significant
change in the number of chromosomal abnormalities, presumably
due to the small number of cases. When we talk about mutations,
sequencing analysis can be very useful. Our study demonstrates
that an early detection of CFMs by morphological ultrasound at the
first trimester is possible. In addition, prognosis can be achieved
through a multidisciplinary approach.
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