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ABSTRACT

Introduction: Congenital malformations are currently an important cause of morbidity and
mortality in many countries, though in most cases their etiology is unknown. The central nervous
system (CNS) is involved in many of these defects.
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differences.

malformations studied.

Objective: To study the factors associated with CNS congenital malformations and their
prevalence in infants born at a high risk maternity hospital in Northeastern Brazil.

Materials and Methods: A case-control study performed from January 2010 to December 2011,
with data from The Latin American Collaborative Study of Congenital Malformations.

Results: Among the 8.405 registered births, 187 were malformed newborns (2.2%). Nervous
system malformations were diagnosed in 61 patients (32.6% (Cl = 95% 27.5 to 38.0)), the most
frequent being neural tube defects and congenital hydrocephaly. Previous history of miscarriage
and/or stillbirth (p = 0.008), family history of malformations (p < 0.001) and parental consanguinity
(p = 0.028) are associated with CNS malformation. Environmental factors such as maternal chronic
diseases, smoking, exposure to teratogenic drugs and alcohol presented no statistically significant

Conclusions: The genetic component was an important contributing factor to the etiology of the

Keywords: Birth defects; Central nervous system malformations; neural tube defects; risk factors.

1. INTRODUCTION

Congenital malformations (CM) are defined as
any functional or structural defect occurring
during the development of the fetus due to
genetic, environmental or unknown factors that
may have origin before birth, whether they are
apparent in the newborn or they only become
apparent later on [1]. CM affect approximately
3% of newborns and cause about 20% of deaths
during the neonatal period [2]. For over 20 years,
CM have been the leading cause of infant
mortality in the United States and, since 2000,
the second most common cause in the majority
of Latin American countries [2]. Approximately
13% of CM involve the central nervous system
(CNS). After congenital heart defects, this is
one of the most common congenital deficiencies
[3-5]. Neural tube defects (NTDs) are CNS
malformations due to deformities in the neural
tube dorsal midline structures, which are one of
the most frequently occurring types of CNS
malformation, with a worldwide incidence among
1.0 to 10.0 cases for every 1.000 births, with
most cases categorized as anencephaly and
spine bifida [6].

The etiology of about 70% of the CM remains
unknown [5]. Epidemiological and experimental
studies conducted over the past decades have
demonstrated the importance of the interaction
between genetic and environmental factors as a
possible basis of the etiology of such
malformations [4]. Maternal smoking, inadequate
nutrient ingestion, maternal fever, infections,
diabetes, anticonvulsants, toxic environmental
agents - such as metals, pesticides and nitrate -
represent some possible environmental factors
involved in the genesis of some CM [2,5].

The impact caused by the birth of a malformed
fetus is not restricted to morbidity and mortality.
The CM is responsible for the loss of a high
proportion of potential years of life, numerous
hospitalizations and high medical costs; added to
these factors the psychosocial effects which
involve the entire family [1].

The acquisition of new knowledge and new
diagnostic  techniques - as well as
epidemiological, genetic and teratology studies -
have provided great advances in the field of
reproductive biology to determine various causes
responsible for developmental abnormalities and,
therefore, the discovery of various preventative
methods [7]. Thus, the characterization and
epidemiological investigation of possible factors
associated with CM become crucial for the
development of preventative strategies that have

an impact on the incidence of these
malformations [2].
The European Surveillance of Congenital

Anomalies (EUROCAT) and the National Birth
Defects Prevention Study (NBDPS) are
population-based  epidemiological congenital
defects surveillance programs, operating in
Europe and in the United States, respectively
[8,9]. In South America, the Latin American
Collaborative Study of Congenital Malformations
(ECLAMC) acts as a clinical and epidemiological
research program, analysing risk factors involved
in the etiology of CM by means of a hospital
based case-control study [10].

The present study describes the prevalence, the
clinical presentation and the factors associated
with CNS malformations in newborns (NB) at an
ECLAMC-participating  high  risk  maternity
hospital in Northeastern Brazil.
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2. MATERIALS AND METHODS

An observational, case-control, cross-sectional
and analytic study held at Nossa Senhora de
Lourdes Maternity, located in the city of Aracaju.
It is a referral hospital for high-risk pregnancies in
Sergipe, which also attends patients with high
risk pregnancies from other Northeastern States
of Brazil, such as Bahia, Alagoas and
Pernambuco.

In order to carry out this study, the database of
Nossa Senhora de Lourdes Maternity, which
contains the ECLAMC records involving all births
that have occurred between January 2010 and
December 2011, was used. NB who had clinical
and/or ultrasound CM of the CNS, and their
respective controls, were included in the study.

The ECLAMC defines its criteria as all malformed
NB, dead or alive, with 500 g or more, born in the
participant maternity, from its date of entry in the
program. The newborn control group is made up
of infants born alive, not malformed, of the same
sex as, and born immediately after, the
malformed infant.

The occurrence of the CM of the CNS
(considered as an outcome variable) was
stratified according to embryogenesis into: NTDs
(anencephaly, meningocele, myelomeningocele,

encephalocele), CNS midline defects
(holoprosencephaly, agenesis of the corpus
callosum or of the septum pellucidum,

arrhinencephaly) malformations of the brain stem
and cerebellum (Arnold Chiariand Dandy-Walker
malformation), failures in the neurogenesis
(macrocephaly, microcephaly, micropolygyria)
and congenital hydrocephalus [11].

The evaluated variables included gender, birth
weight, gestational age, age, parents’ level of
formal education, parents’ occupation, parental
consanguinity, history of miscarriage and/or
stillbirth, parity, type of pregnancy, mode of
delivery, prenatal data (prenatal queries, prenatal
complications, maternal diseases, use of
medications and illicit drugs), age at diagnosis
(prenatal, natal or postnatal) and type of
evidence for the diagnosis (clinical and/or
ultrasound).

The ECLAMC record information was tabulated
using SPSS software (Statistical Package for
Social Sciences). For categorical variables
simple frequencies were calculated with scores
and percentages with their respective confidence

intervals for 95%, when necessary. For
quantitative, average and standard deviations or
medians and percentile, 25 and 75, were
calculated when appropriate. The bivariate
analysis included the chi-square or Fisher exact
test to assess the association between
categorical variables expressed and the
occurrence of CNS malformation. Similarly, for
the association between the outcome and the
quantitative variables, the Student or Mann-
Whitney t-test was wused. Verifying the
association between congenital anomaly and the
risk factors, the estimated odds ratio by
multivariate logistic regression was calculated. It
was considered as the significance level p < 0.05
and the two-tailed tests of hypotheses.

The project was approved under the protocol
number 141012 by the Tiradentes University
Ethics Committee.

3. RESULTS

There were 8,405 births between January 2010
and December 2011. Among these, 187 NB had
some CM. Of these, 61 cases (32.6%) were
diagnosed with CNS malformations (Cl = 95%,
27.5 - 38.0) (Fig. 1).

The distribution of CNS malformations classified
according to embryogenesis is shown in Table 1.
Among the NTDs, cases of myelomeningocele,
encephalocele and anencephaly had similar
frequencies; in only one case was there an
association between myelomeningocele and
anencephaly. One case of myelocele was
described.

The sociodemographic characteristics of the
parents in the study group and those of the
control group are shown in Table 2. The level of
education and occupation of both mother and
father were equally distributed in both groups.
Most mothers and fathers had not completed the
first grade (basic education). In terms of
occupation, most of the mothers were
housewives, while the fathers were unskilled
laborers.

Table 3 presents the characteristics related to
pregnancy and NB. The median of antenatal
consultations was 6 [5,8] for malformed fetuses
and 7 (5,8) for the control group, with no
statistically significant difference between groups
(p =0.85).
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Fig. 1. Distribution of Congenital Malformations according to the affected system. *in the same
fetus, there may be more than one affected system

Table 1. Distribution of categories of Congenital Malformations of the Central Nervous System,
according to embryonic development, occurring in neonates (n =61) attended at the Nossa
Senhora de Lourdes Maternity, Aracaju/SE, between 2010 and 2011

Congenital malformation of the central nervous system n (%)61 Cl 95%
NTDs 25 (41.0) 29.5-50.8
Myelomeningocele® 8 (13.1)

Encephalocele® 7 (11.5)

Anencephaly® 8 (13.1)

Others? 2(3.3)

CNS MD 7 (11.5) 49-115
MBSC 6 (9.8) 3.3-148
FN 8(13.0) 49-19.7
CHydrocephalus 26 (42.6) 29.5-525

NTDs = Neural Tube Defects; CNS MD = Central Nervous System Midline Defects MBSC = Malformations of the
Brain Stem and Cerebellum; FN = Failure in Neurogenesis; CHydrocephalus = Congenital Hydrocephalus, C/
95% = Confidence Interval of 95% * patients may have more than one diagnosis in common °because of the

small number of the sample, the confidence interval was not calculated

Table 2. Socio demographic variables of children’s parents with Congenital Malformations of
the Central Nervous System and the control group attended at Nossa Senhora de Lourdes
Maternity, Aracaju/SE, between 2010 and 2011

Sociodemographic variables Study n’=61n (%) Control n’=61n (%)  p*
Maternal Age' 26.8+7.3 26177 0.59
Maternal Age (years)” 0.84
<20 12 (19.7) 14 (23.3)

220 <35 38 (62.3) 37 (61.7)

=35 11 (18.0) 9(15.0)

Paternal Age' 31.5+£93 29.7+7.8 0.23
Parental Consanguinity 7 (11.5) 1(1.6) 0.028

TAge in years expressed as average and standard deviation, Student's t-test; other chi-square tests “n= number
of cases * one patient in the control group had no record of age *comparison between the fetuses group with
congenital malformation of the Central Nervous System (study) and the control group.
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Table 3. Variables related to pregnancy and fetuses with Congenital Malformations of the
Central Nervous System and the control group, attended at Nossa Senhora de Lourdes
Maternity, Aracaju/SE, between 2010 and 2011 features

Variables of pregnancy and fetuses

Study n=61n (%)

Control n=61n (%) P

Gestational Age' 36.1 (3.2) 37.3(2.7) 0.027
Gestational age 0.18
<37 weeks 26 (42.6) 19 (31.1)
37 - 41 weeks 35 (57.4) 42 (68.9)
Weight” 2.624,7 (975.4) 2.888,4 (785.4) 0.10
Categorized weight (grams) 0.24
<2.500 25 (41.0) 18 (29.5)

2.500-3.500 23(37.7) 32 (52.5)
>3.500 13 (21.3) 11 (18.0)
Previous History of MC/SB 9(14.8) 1(1.6) 0.008
Family history of MF 23 (37.7) 5(8.2) <0.0001
AHDP 9(14.8) 24 (39.3) 0.002

'Gestational Age expressed in weeks as average and standard deviation; “Weight expressed in grams as
average and standard deviation, MC=Miscarriage; Stillbirth=SB; MF=Malformed;, AHDP= Acute Hypertensive
Disorders of Pregnancy.

Among the 61 pregnant patients with malformed
fetuses, 59 underwent gestational ultrasound
(GUS) during the prenatal period and of these,
48 (78.7% CIl = 95% 67.8 - 87.9) had a diagnosis
of malformation over that period. The diagnosis
was made after 24 hours of life in 13.1% of
infants (Cl =95 % 5.6 - 21.8) while the others had
received their diagnosis at birth.

The most frequent comorbidities were acute
hypertensive disorders of pregnancy, followed by
urinary tract infection. Maternal chronic diseases
such as diabetes, epilepsy, asthma and
hypothyroidism did not present statistically
significant differences between the two groups.
Haemorrhage, illicit drug use, smoking and
drinking alcohol during pregnancy also presented
no statistically significant differences between
groups.

The use of folic acid in the preconception period
was only observed in one patient from the control
group, and was not reported even in mothers
with a history of familial congenital malformation.
Regarding the use of folic acid in the first
trimester of pregnancy, there was no statistically
significant difference between mothers with
malformed fetuses and the control group (p =
0.28). Cesarean section was the most frequent
mode of delivery in both groups, with rates of
73,8% and 68,9%, respectively (p = 0.45).
Multiple pregnancy occurred in only 3% of cases
of malformed and in 2% of the control group (p =
0.64). Cephalic presentation was the position
most frequently observed, with a lower incidence
in the malformed NB group compared to the

control group (86.9% and 93.5%) (p = 0.18). The
average birth weight of the malformed group was
2624.7g; there was no statistically significant
weight difference between this and the control
group (2888.4g) (p = 0.10).

32 cases of malformations of other organs or
systems, which corresponded to 52.5% of
fetuses with CNS malformations (Cl = 95% 39.3 -
64.5) were found. The malformations of eye, ear,
face and neck, which included the cleft lips and
palates, were those most commonly associated
with CNS congenital malformations, present in
59.4% (Cl = 95% 40.6 - 68.8) cases, followed by
malformations of the musculoskeletal system
(50.0% ClI =95 % 33.3 - 66.7) and by
malformations of the circulatory system (34.4 %
Cl =95% 18.2 - 50.0).

Gestational age, parental consanguinity, a family
history of malformations, miscarriage and/or
stillbirth history and the presence of acute
hypertensive disorders of pregnancy were
statistically significant variables, subjected to
logistic regression, taking the presence of CNS
congenital malformations as a dependent
variable. Initially, the unadjusted odds ratios for
the associated factors described above were
calculated and, subsequently, with the adjusted
odds ratios, risk factors for the presence of CNS
CM parental consanguinity, family malformed
and stillborn and/or previous abortion history
were taken into consideration (Table 4). Among
the seven cases of CNS MF with a history of
parental consanguinity, NTDs were present in
three cases, two of which were diagnosed as
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encephalocele and the other as
myelomeningocele. Congenital hydrocephalus
was described alone in one case and in two, it
was associated with holoprosencephaly and
encephalocele. Malformations of the brain stem
and cerebellum were reported in two cases.

4. DISCUSSION

In the present study, the overall rate of birth
defects in the population in this research was of
2.2% (Cl = 95% 1.9 - 2.4). This discovery is
similar to those described in other studies, which
show variable rates between 1.4 % and 4.2%
[10]. The CNS malformations present in 32.6% of
malformed NB were those most frequently
observed. Data from the European study
demonstrate that cardiac defects are the most
common subgroup of non-chromosomal CM,
followed by limb defects, abnormalities of the
urinary system and nervous system defects; the
latter contributes with 2.3 cases per thousand
births [12]. However, in other studies, the CNS
malformations are described as the most
common CM, with rates similar to those found in
this research [13,14].

There is the possibility that differences in study
populations, as well as in representation and
diagnostic methodology used, can
underdiagnose small defects, especially those of
the heart. A greater number of congenital heart
diseases could be diagnosed by routine
echocardiogram. However, this is not common
practice [15].

The NTDs are part of a group of CM regarded as

serious, which affect about one in every
thousand pregnancies, most  commonly
represented by anencephaly and

myelomeningocele [16]. The prevalence of NTDs
found in this study was 30 in 10.000 pregnancies
(Cl = 95% 19.0 - 44.0), which is similar to that
described in other studies [6,16]. Anencephaly
and myelomeningocele were the most commonly
found NTDs in the population studied, both with
similar frequencies, as demonstrated in the
bibliographic reference [2,6,10].

Encephalocele is also part of the spectrum of
NTDs and consists of a herniation through bone
defects, whose content may include
cerebrospinal fluid, meningeal structures or brain
tissue, usually covered by intact skin and located
in the occipital region [17]. In this study, the
prevalence was of 8.3 cases per 10.000 births.
This rate was higher than rates reported in other
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studies, from 1.0 to 4.0 cases per 10.000 births
[17], and described by ECLAMC (2.1/10.000
births) [10].

Although an important decrease of cases of
NTDs has been registered since the
implementation of fortification of flour and folic
acid supplementation in women of childbearing
age, they still constitute the most important
malformation of CNS [18,4]. The genetic
component seems to represent the greatest risk
factor for the occurrence of NTDs, and the genes
that regulate the folate metabolism have been
strongly implicated [16]. Studies describe some
cases of NTDs that do not respond to
supplementation with folic acid, assuming that
there may be a subpopulation with a poorer
response to this supplementation, which would
be determined by genetic factors [4]. No
pregnant women with malformed fetuses,
including those with a previous history of
malformation, made use of folic acid
supplementation in the preconception period,
and only 32% of the women included in the study
were treated in the first trimester of pregnancy.

Congenital hydrocephalus has been reported as
having an overall prevalence of 4.65 cases per
10,000 births [19] and it is characterized by a
disturbance of cerebrospinal fluid circulation, with
intraventricular accumulation of cerebrospinal
fluid, which results in progressive ventricular
dilatation, which may clinically present as
isolated or associated with other congenital
defects [20,21]. In Brazil, the reported rate is
22.3 cases per 10.000 births, considered
significantly higher than in other Latin American
countries [10]. The prevalence found in this study
was 31 per 10.000 births (Cl = 95% 20.0 - 44.0),
which was far higher than the rate found in other
research [18,10,2]. However, it was similar to
that one found in a fetal medicine reference
service in Southeastern Brazil [20]. This
discovery may be related to the fact that the
study was performed in a referral hospital for
high-risk pregnancy, to where women at high
risk, including those with a diagnosis of CM are
directed. In 38.5% of cases the hydrocephalus
was associated with other CM of the CNS, which
was a similar finding to that described in another
study [21].

An appropriate diagnostic approach is essential
to properly identify the CM, optimizing
intervention strategies, among which the referral
to tertiary care centres, the definition of time and
mode of delivery, anticipating care
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Table 4. Odds ratio adjusted for factors associated with congenital malformations of the
central nervous system, occurring in neonates (n =61), attended at Nossa Senhora de Lourdes
Maternity, Aracaju/SE, during the period 2010 to 2011

Variable Oddsratio C1 95% P
Parental consanguinity

Yes 12.81 148 -111.0 0.021
No 1

Previous history of MC/SB

Yes 13.39 1.56 —114.43 0.018
No 1

Family history MF

Yes 8.08 2.73 -23.89 < 0.0001
No 1

Method: exact logistic regression; MC=Miscarriage; SB = Stillbirth; MF=Malformed; Cl 95%= Confidence
Interval 95%

subspecialties, as well as conducting family
counseling regarding prognosis and therapeutic
management [9]. Diagnostic imaging methods,
especially transvaginal and high-resolution three-
dimensional ultrasound, as well as magnetic
resonance imaging, have been an important tool
in prenatal assessment of CNS malformations,
allowing increasingly accurate diagnoses [22]. In
this analysis, it was noted that 98.4% of all the
pregnant women had access to ultrasonography
in the prenatal diagnosis of malformation, and
that it was performed in 78.7% cases of
malformed fetuses, a higher rate than that found
in a previous academic study [9].

The CM can be presented as single or multiple,
and the fetuses with malformations can be
classified among those with recognizable
conditions, chromosomal or non-chromosomal
and those without recognizable conditions [23].
Research papers report that about 40% of cases
of CNS malformations are associated with other
congenital defects [3]. Among fetuses with NTDs,
there are reports that confirm that 20.4% had
other associated malformations, the most
commonly found being cleft lip and palate,
musculoskeletal, cardiovascular and renal
malformations [23]. The present study showed
higher rates than those reported in other studies
[3]. These discoveries suggest the need for a
comprehensive diagnostic investigation into the
occurrence of other abnormalities in children with
CNS malformations.

Parental consanguinity, previous history of
miscarriage and/or stillbirth and previous cases
of malformation in the family were the only
factors independently associated with CNS
malformations, according to the multivariate
analysis. Parental consanguinity is a recognized

risk factor for the occurrence of congenital
malformations, such as hydrocephalus, postaxial
polydactyly of the hands and cleft lip and palate
[24]. Miscarriages occur in about 15% of such
pregnancies. Although about 50% of cases have
no clear etiology, academic studies report
genetic factors as the main cause of miscarriage
[25]. Family history of CM is also described as a
factor associated with the presence of CM,
derived from 16.7% of cases [14], which
represents a lower frequency than that found for
CNS malformations in the present study.

Environmental factors have often been described
in academic research papers as single or
associated determinants along with a genetic
component in the genesis of many CM [2,5].
Some characteristics of the parents such as age,
education and presence of chronic maternal
conditions, such as diabetes, are some of these
factors [6,14,26]. Statistically, these factors are
not significant in the study. Nor were maternal
smoking [27], illicit drug use [28] or alcohol
consumption during pregnancy [29] statistically
significant in the presence of CNS and CM].

One limitation ofour studyisthe sample size. A
sample covering a larger number of births could
infer other factors, especially environmental
factors as being important determinants in the
genesis of CM of the CNS.

5. CONCLUSION

According to the findings, it can be inferred that a
genetic component is an important factor in the
etiology of the malformations studied,
demonstrated by the association of these defects
with parental consanguinity and a family history
of malformation and spontaneous abortion and/or
stillbirth.

962



Porto et al.; BIMMR, 6(10): 956-964, 2015; Article no.BJMMR.2015.272

CONSENT

All authors declare that written informed consent
was obtained from the parents of the patient for
publication of this study.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Horovitz DDG, Llerena Jr JC, Mattos RA.
Atencao aos defeitos congénitos no Brasil:
panorama atual. Cad. Saude Publica.
2005;21(4):1055-1064.

Pachajoa H, Ariza Y, Isaza C, Méndez F.
Defectos congénitos mayoresenun hospital
de tercernivelen Cali, Colombia, 2004-
2008. RevSalud Publica. 2011;13(1):152-
162.

Noronha L, Medeiros F, Martins VDM, et
al. Malformagdes do Sistema Nervoso
Central: analise de 157 necrdpsias
pediatricas. Arg. Neuro-Psiquiatr. 2000;
58(3): 890-896.

Zhu H, Kartiko S, Finnell RH. Importance
of gene-environment interactions in the
etiology of selected birth defects. Clin
Genet. 2009;75(5):409-423.

Wilodarczyk BJ, Palacios AM, Chapa CJ,
Zhu H, George TM, Finnel RH. Genetic
Basis of Susceptibility to Teratogen
Induced Birth Defects. American Journal of
Medical Genetics Part C. 2011;157:215-
226.

Au KS, Ashley-Koch A, Northrup H.
Epidemiologic and Genetic Aspects of
Spina Bifida and Other Neural Tube
Defects. Dev Disabil Res Rev. 2010;16:6-
15.

Brent RL. The role of the pediatrician in
preventing  congenital  malformations.
Pediatr Rev. 2011;32(10):411-421.

Boyd PA, Haeusler M, Barisic |, Loane M,
Garne E, Dolk H. Paper 1: The EUROCAT
network -- organization and processes.
Birth Defects Research A Clin Mol Teratol
2011;91:52-15.

Weedn AE, Mosley BS, Cleves MA, et al.
National Birth Defects Prevention Study.
Maternal Peporting of Prenatal
Ultrasounds among Women in the National
Birth Defects Prevention Study. Birth

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

963

Defects Research (Part A): Clinical and
Molecular Teratology. 2013;Part A:1-7.
Herrera JN, Cifuentes L. Malformaciones
congénitas en Chile y Latino América: Una
vision epidemiolégica del ECLAMC del
periodo 1995-2008. Rev Med Chile.
2011;139:72-78.

Roessmann U. Congenital malformations.
In: Duckett S. Pediatric neuropathology. 4"
ed. Malvern: Williams & Wilkins. 1995;123-
148.

Dolk H, Loane M, Gamme E. The
prevalence of congenital anomalies in
Europe. Adv Exp Med Biol. 2010;686:349-
364.

Pimenta MS, Calil VMLT, Krebs VLJ. Perfil
das malformacgbes congénitas no bergario
anexo a maternidade do Hospital das
Clinicas da Universidade de Sao Paulo.
Rev Med (S. Paulo). 2010;89(1):50-56.
Shawky RM, Sadik DI. Congenital
malformations prevalent among Egyptian
children and associated risk factors.
Egyptian J Medical Human Genetics.
2011;12(1):69-78.

Goldmuntz E. The epidemiology and
genetics of congenital heart disease. Clin
Perinatol. 2001;28(1):1-10.

Copp AJ, Stanier P, Greene NDE. Neural
tube defects: recent advances, unsolved
questions, and controversies. The Lancet
Neurol. 2012;12:799-810.

Kiymaz N, Yilmaz N, Demir |, Keskin S.
Prognostic factors in patients with occipital
encephalocele. Pediatr Neurosurg.
2010;46:6-11.

Cortés F, Mellado C, Pardo RA, Villarroel
LA, Hertrampf E. Wheat flour fortification
with folic acid: changes in neural tube
defects rates in Chile. Am J Med Genet A.
2012;158A(8):1885-1890.

Garne E, Loane M, Addor MC, PA, Barisic
I, Dolk H. Congenital hydrocephalus -
prevalence, pre natal diagnosis and
outcome of pregnancy in four European
regions. Eur J Paediatr  Neurol.
2010;14(2):150-155.

Cavalcanti DP, Salomao MA. Incidéncia de
hidrocefalia congénita e o papel do

diagnéstico pré-natal. J Pedatr.
2003;79(2):135-140.
Yamasaki M, Nonaka M, Bamma Y,

Teramoto C, Ban C, Pooh RK. Diagnosis,
treatment, and long-term outcomes of fetal
hydrocephalus. Semin Fetal Neonatal Med
2012;17(6):330-335.



22.

23.

24.

25.

26.

Porto et al.; BIMMR, 6(10): 956-964, 2015; Article no.BJMMR.2015.272

Pooh RK. Imaging diagnois of congenital
brain anomalies and injuries. Semin Fetal
Neonatol Med. 2012;17(6):360-376.

Stoll C, Dott B, Alembik Y, Roth MP.
Associated malformations among infants
with neural tube defects. Am J Med Genet.
2011;155:565-568.

Rittler M, Liascovich R, Lépez-Camelo, J,
Castilla EE. Parental consanguinity in
specifics types of congenital anomalies.
Am J Med Genetics. 2001;102:36-43.
Alijotas-Reig J, Garrido-Gimenez C.
Current concepts and new trends in the
diagnosis and management of recurrent
miscarriage. Obstet  Gynecol  Surv.
2013;68(6):445-466.

Giampietro PF, Raggio CL, Blank RD,
Mccarty C, Broeckel U, Pickart MA.
Clinical, genetic and environmental factors
associated with  congenital vertebral

27.

28.

29.

malformations. Mol Syndromol. 2013;4:94-
105.

Suarez L, Felkner M, Brender JD, Canfield
M, Hendricks K. Maternal exposures to
cigarette smoke, alcohol, and street drugs
and neural tube defect occurrence in
offspring. Matern Child Health J.
2008;12:394-401.

Behnke M, Smith VC. Committee on
substance abuse and committee on fetus
and Newborn. Prenatal Substance Abuse:
Short- and Long-term Effects on the
Exposed Fetus. Pediatrics.
2013;131(3):e1009- e1024.

Memo L, Gnoato E, Caminiti S, Pichini S,
Tarani L. Fetal alcohol spectrum disordes
and fetal alcohol syndrome: the state of the
art and new diagnostic tools. Early Human
Development. 2013;89(1 Suppl):S40-S43.

© 2015 Porto et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=909&id=12&aid=7772

964



