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ABSTRACT

Fetal alcohol syndrome (FAS) (1-2/1000 newborns), resulting from maternal consumption of alcohol early in the
pregnancy, consists in: persistent growth failure, low weight, microcephaly, characteristic facial features, con-
genital heart diseases (especially septal defects), minor anomalies of joints and limbs, disorders of central
nervous system development and function. The complexity, severity and frequency of the anomalies depends
on the amount of the ingested alcohol associated or not with other risk factors: low socio-economic level, psy-
chologic disturbances, smoking, drugs. Hearing disorders determined by maternal alcohol consumption, al-
though not classically included in the FAS, and also chronic ear infections, are associated in variable severity
degrees. Audiologic procedures performed in FAS children revealed four main hearing disorders: delayed de-
velopment of auditory function associated with language disorders, sensorineural hearing loss (disorders of
middle ear and conductive system), intermittent loss of sound vibrations conduction, hearing loss by central
auditory nervous system deficits. Early detection of hearing anomalies alleviates the prognosis by early inter-
ventions.
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The teratogenic effects of alcohol consumption
during pregnancy were described for the first time
in the medical literature almost 5 decades ago (1).
Jones and Smith in 1973 coined the term fetal alco-
hol syndrome (FAS) to denote a pattern of birth de-
fects and developmental delays observed in chil-
dren borned to alcoholic mothers (2).

The prevalence of FAS depends on the studied
population, the criteria and assessment method.
Thus, in USA the frequency of FAS is estimated at
1-2/1.000 stillborn, while in areas with high risk,
like some communities in South Africa, the study
of pediatric population revealed an incidence of
4-5% among the preschool children (3).

Although the maternal alcohol consumption is
the main determinant of the negative effects on the
fetus, it was demonstrated that also the paternal ex-
posure to alcohol can induce malformations to the
fetus. The most frequent clinical features are: facial
dismorphism (microcephaly, short palpebral fis-
sures, epicantus, maxilar hypoplasia with aspect of
flat face, a hypoplastic philtrum, thin upper lip, mi-
crognathism, cleft palate), insufficient intrauterine
or postnatal growth, mental impairment and behav-

ioral disorders. Other consequences of alcohol con-
sumption during pregnancy are: spontaneous abor-
tion, premature delivery, intrauterine death, affected
bones development and neonatal withdrawal syn-
drome.

Alterations of gene expression (normal cellular
processes in the genome) without disturbing the
DNA sequences are known as epigenetic processes.
The alcohol disturbes the normal process of cellu-
lar differentiation, altering the expression of tissue
specific genes. It acts at the level of the nucleosome
components, disturbing DNA metilation, histones
acetilation and microRNA interactions. Thus, the
alcohol is on the list of major factors for epigenetic
resets followed by multiorganic malformations (4).

A metaanalysis on 20 studies published between
1987-2013 (5) revealed that the heart malforma-
tions occur in 67% of the children from mothers
that consumed alcohol during pregnancy, repre-
sented by atrial or ventricular septal defects 21%,
Fallot tetralogy and conotruncal defects 6% and
other types of malformations (6). The teratogenic
effects depend on the timing, frequency, duration,
amount of alcohol exposure as well as the absorp-
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tion and alcohol metabolism by the mother and the
fetus, with genetic susceptibility (7).

The cranio-facial malformations are due to the
alcohol consumption during organogenesis (18-40
day of pregnancy), while the nervous system dis-
turbancies occur later during pregnancy. After birth,
the cognitive disabilities become evident, until se-
vere mental retardation and other psychiatric disor-
ders, like attention deficit, impulsivity and memory
troubles. Frequently they associate delays in lan-
guage acquisition, difficult coordination of move-
ments, behavioral disturbances, low muscle tonus,
psychiatric troubles. Otherwise, the prenatal alco-
hol consumption is the main cause of nonereditary
mental retardation (8).

It was advanced that the alcohol prevents the
transfer of essential amino acids and zinc from the
mother to the fetus, the consequence being the dif-
ficulty of protein synthesis and, therefore, growth
and development of the fetal handicap (9). Confir-
mation of alcohol consumption during pregnancy
using the biomarkers known in current practice re-
mains a challenge. Recently it has been proposed to
include microRNA into profile of SAF investiga-
tions.

MicroRNA molecules have a critical role in im-
portant biological processes, particularly in utero,
ensuring normal development by balancing the bal-
ance between their survival and proliferation of
cells. In experimental conditions it has been dem-
onstrated that exposure to ethanol supresses some
genes involved in regulating organogenesis in vari-
ous stages of development of the embryo and fetus.
There were identified four types of microRNA sup-
pressed by ethanol in neural stem cells (4).

Gardiner and col. noticed that alterations in the
levels of specific circulating miRNAs have been
associated with various disease states and in animal
models of fetal alcohol spectrum disorder and pub-
lished the results in aprilie 2016. This is the first
report demonstrating that serum miRNAs could be
useful as biomarkers of alcohol exposure (10).

In the last two decades there were published
many studies about the structural changes of the
brain determined by alcohol, followed by cognitive
and behavioral disabilities both in children with
FAS features and especially in those without mi-
crocephaly (11).

It was reported the association of FAS with
hearing impairment; the commune embryonic ori-
gin of the cranio-facial and ocular structures with
those that will form the hearing apparatus, favors
the association of FAS with hearing impairment.

These structures are derived from the first two
branchial arches and have similar periods of sensi-
tivity to exposure to toxic substances. As a result it
appears the delay in maturation of auditory compo-
nents, sensorineural hearing deficiency, central de-
ficiency. These changes are intermittently associ-
ated with mechanical type deficiency, consequence
of the repeated serous otitis, which these children
are prone to. The vestibular damage, relatively
common, favorised by the commune embryonic
origin, may remain subclinically. Hearing deficien-
cy associated to cognitive deficiency work togeth-
er, causing a vicious cycle which has consequently
delay in language development, language defects
and emphasizing cognitive deficit through insuffi-
cient stimulation (12,13).

The data accumulated in the past decade have
been successful in shaping the four mechanisms
that are connected and determine hearing deficien-
cy:

— a developmental delay in auditory matura-

tion;

— sensorineural hearing loss;

— intermittent conductive hearing loss due to

recurrent serous otitis media;

— central hearing loss.

The latencies obtained from the primary audi-
tory cortex can represent the amount of latency at
all levels of the auditory process, from the moment
the sound signal goes through the cochlea, along
the nerve flow up to the auditory cortex. Also, the
vestibular impairment associated to the auditory
impairment, induces a delay in language acquisi-
tion, in its characteristics and consequent rise in
cognitive impairment (14). Church and coll discov-
ered sensorineural hearing loss in 33% of children
with FAS compared to 2-3% in the general popula-
tion, as well as transmission disturbances because
of recurrent otitis, which can have a frequency of
up to 92% in FAS group compared with <20% in
general population (12).

MRI has shown changes in the corpus callosum
(15), suggesting risk of atypical hemispheric spe-
cialization especially in the area of speech, lan-
guage and hearing. Perturbation of the interemis-
feric transfer determine alteration of lateralisation
function, children with FAS have presented a large
number of errors in the right ear during a listening
test, indicating the functional asymmetry (16).

In an animal model of FAS on rats prenatally
exposed to different doses of etilic alcohol, the au-
thors observed that almost all the animals showed a
peripheral auditory disorder in the form of congen-
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ital sensorineural hearing loss. Alcohol-exposed
animals also showed a central auditory processing
disorder characterized by prolonged transmission
of neural potentials along the brainstem portion of
the auditory pathway and also an augmentation in
the age-related deterioration of auditory acuity.
More, exposure to sounds that can lead to accustic
trauma increase the degradation of the sensorial
function (17).

A clinical trial reported a significant percentage
0of 93% of FAS children with bilateral recurrent se-
rous otitis media, 30% of them featuring sensori-
neural hearing losses for which required mechani-
cal sound amplification. Also, the eustachian tube
dysfunction coupled with immune deficiencies pre-
dispose these children at recurrent upper respirato-
ry tract infections. Possible alcohol ototoxicity and
an alcohol-induced neuroectoderm syndrome ex-
plains the typical hearing impairment within the
FAS, although this component wrongly is not yet
recognized as one of the elements characteristic of
the syndrome. Accepting this idea would broaden
the therapeutic scheme in the diagnosed patients
and may lead to an improvement in psychological,
medical and social prognosis (13).
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Auditory delay revealed by magnetoencepha-
lography in children with FAS may prove to be a
useful neural marker of information processing dif-
ficulties in young children with prenatal alcohol
exposure. The fact that delayed auditory responses
were observed across the FAS spectrum suggests
that it may be a sensitive measure of alcohol-in-
duced brain damage. Therefore, the authors pro-
pose to include this investigation in conjunction
with other clinical tools for early identification of
alcohol affected children, particularly those with-
out dysmorphia (18).

CONCLUSIONS

SAF, whose severity depends on the precocity
and abundance of alcohol consumption, often as-
sociates hearing disorders. Alcohol toxicity is de-
laying the maturation of structures intended for
hearing, affects the sensorineural and central type
auditory component, creates problems in the trans-
mittion of sound. Hearing loss, included as part of
the diagnosis of the FAS must be detected early,
treated properly for a good development of lan-
guage, improving the quality of life and better psy-
cho-social integration.
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