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Valproic acid syndrome: a mini review

ABSTRACT |

Aims: To provide a systematic review on the occurrence of valproic acid syndrome, to, among others,
elucidate the characteristics of this syndrome.

Study design: A systematic review was performed.

Place and Duration of Study: Laboratory of Biomathematics of the Federal UINiversity of Alfenas, Minas
Gerais State, Brazil, between June 2022 and July 2023.

Methodology: A systematic search of articles was performed using the CAPES Periodic plataform a
searcher from the Education Ministry of Brazil that contains Web of Science, Scopus, MedLine and other
bases, from 1984 to 2023. For this review, the subject's “syndrome of valproic acid”, “valproic acid
syndrome and toxicity”, “valproic acid syndrome and malformations” were searched together using the
type of material “articles” in English language. Some articles about “pregnancy’s cares” were used for
epistemological composition of this work content subjects as, for instance, “general toxicity” and “others
(development; health care; ...)".

Results: From the 1061 articles after the exclusion and the inclusion criteria made with the subjects most
pertinent to the objectives of this work, added with the subjects “pregnancy cares” and “others”; 1005
articles were excluded, remaining 56 ones. Four of total from 56 texts were 4 about “general toxicity”; 19
about “others”; 7 about “Pregnancy cares” and 26 about “valproic acid”.

Conclusion: The analysis of the articles studied in this work indicates that valproic acid is a teratogen
that leads to a syndrome that receives its name in fetuses whose mothers use it as an antidepressant
drug, causing several physical defects in general and behavioral defects due to the impairment of the
neural system. In this sense, it is essential that the team caring for pregnant women know the history of
the pregnant woman and check all the medications she is using and replace those with a teratogenic
potential, especially if the patient has a diagnosis of mental illness such as depression.
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1. INTRODUCTION

Healthy human embryonic development is a continuous action dependent on factors such as woman’s age, hormones,
maternal-fetus interactions (HUR et al., 2021) as the nutritional status of the mother (ANSELEM et al., 2023), inter alia.
The development has critical periods in relation to the health of the fetus, some of them occur in early pregnancy as the
formation of the neural tube whose problems can be anencephaly, spina bifida, myelomeningocele (CAO; XIE; ZANG,
2022), among other causes, these disorders can occur if some substances called teratogens are ingested by the mother.
Preventive medicine processes should provide pregnant women with indications on the care of the gestation phase,
including on substances that may be harmful to the embryo/ fetus such as alcohol use (AVERSI-FERREIRA;
NASCIMENTO, 2008), drugs and medicines that are part of the scope of various textbooks and institutions (SCHULER-
FACCINI et al., 2011; MOORE, 2021).

Prenatal care, described as an antepartum program with actions and risk assessments coordinated by the
multidisciplinary team and with psychological support, aims to provide a comprehensive care to pregnant women,
promoting a healthy preparation for pregnancy and ensuring a healthy development of their offspring. These activities are
the responsibility of a multidisciplinary health team that must be attentive to the history of patients and follow the
recommendations of the prevention of possible accidents with pregnant women (BRANDAO; AVERSI-FERREIRA, 2018)



as the use of potentially teratogenic substances, since part of congenital malformations originate at critical moments of the
formation and the initial growth of embryonic structures (MOORE, 2021).

The prenatal health care plan is ideally established from the diagnosis of pregnancy to the delivery, monitoring and
meeting demands according to the gestational age, especially in developing countries (WANG et al., 2021).

If any ingestion of teratogenic substances occurs by the pregnant woman, the type of abnormality will depend on the class
of drugs used (SCHULER-FACCINI et al., 2011), the development period, the dose.

The historical situation in relation to teratogens has as relevant the case of thalidomide, a medication prescribed in the
50s to control morning sickness in pregnant women who, tragically, culminated in thousands of children born with
malformations, especially in the limbs, and some systemic repercussions, such as cardiac, renal and ocular disorders
(VARGESSON, 2015).

This history has led to the modification of drug release processes for use in humans and to the increase of care for
potentially toxic substances in a global unification of care in relation to pharmacovigilance (HANS; GUPTA, 2018) mainly
for pregnant women, therefore, cases of use of these substances by pregnant women who have contact with the health
system should not happen.

Valproic acid is a drug used in the treatment of epilepsy and bipolar disorder, but that has adverse effects on the embryo/
fetus in the gestational period, with various mental and systemic disorders associated with it such as craniofacial
abnormalities, and skeletal defects (BATISTA, 2021; JENTINK et al., 2010). From this perspective, comparative studies
on teratogenicity caused by antiepileptic drugs confirmed that valproic acid was associated with increased risks of
congenital malformations, including neural tube defects and hypospadias (MOCQUARD; AILLET; RIFFAUD, 2019;
TOMSON, et al. 2019).

The relative severity of birth defects is dependent on the dose of valproic acid to which the child was exposed (WESTON,
et al, 2016), which can manifest neurodevelopmental deficits, assuming behaviors similar to the autism spectrum disorder
(JENTINK et al., 2010), malformations such as spina bifida, orofacial changes, polydactyly, craniosynostosis, interatrial
communication (BATISTA, 2021); complications may occur at the delivery, and fetal growth restrictions (MACFARLANE;
GREENHALGH, 2018; MOCQUARD; AILLET; RIFFAUD, 2019).

The child shows lower developmental quotients (DQ) and intelligence quotients (IQ), which affects the expected school
development with negative results in the adult and in the occupational life of these individuals (BROMLEY, et al, 2014).
According to the above, if the contamination of a fetus/embryo with valproic acid occurs in a pregnant woman who was
attended by the public health system, it is reasonable to ask whether there was a failure of this system in terms of
organization, lack of knowledge on the subject and ineffectiveness in prevention.

Students of the medical internship of a Federal University of Brazil attended a child with valproic acid syndrome who was
born after his mother was attended by the public health system (SUS), which generated a basis for a debate on the use of
valproic acid by pregnant women and it was observed that the knowledge about the effects of teratogens among students,
teachers and health professionals is still insufficient. Therefore, the aim of this work was to provide a systematic review on
the occurrence of valproic acid syndrome, to, among others, elucidate the characteristics of this syndrome.

2. MATERIAL AND METHODS

For the purpose of this review, the subjects “syndrome of valproic acid”, “valproic acid syndrome and toxicity”, “valproic
acid syndrome and malformations” were searched together using the type of material “articles” in the English language.
They were searched on the CAPES Periodic platform that contains Web of Science, Scopus, MedLine and other bases,
from 1984 to 2023, to form the epistemological basis of the review in a total of 1061 articles. Some articles about
“pregnancy’s cares” were used for epistemological composition of this work content subjects as, for instance, “general
toxicity” and “others (development; health care; ...)". The set of subject content about valproic acid (“syndrome of valproic
acid”, “valproic acid syndrome and toxicity”, “valproic acid syndrome and malformations”) was called in the table 1 (table
1) as just “valproic acid”.

Of these 1061 articles, those considered most suitable to the objective of the present review were used, i.e., those whose
theme was associated with the valproic acid syndrome, malformations, and toxicity. The basis of scrutiny for choosing
articles that dealt with similar subjects was the relevance of the subject to propose this work and the articles published in
the last 5 years.

From this analysis and considering the themes closer to the objective, the exclusion criteria were duplicated within the
subjects together with the papers about only pharmacological purposes and only about the clinical data on the valproic
acid, and the less recent articles. However, some articles as the classic ones from 1984 were used because cited for the
first time the valproic acid syndrome.

3. RESULTS AND DISCUSSION

From the 1061 articles after the exclusion and the inclusion criteria made with the subjects most pertinent to the objectives
of this work, added with the subjects “pregnancy cares” and “others”, 1005 articles were excluded, remaining 56 ones



(table 1). Four of total from 58 texts were 4 about “general toxicity”; 19 about “others”; 7 about “Pregnancy cares” and 26
about “valproic acid” (table 1).
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According to the first article of chapter three of the Code of Medical Ethics, this professional is not allowed to cause harm
to the patient, by action or omission, which may characterize malpractice, imprudence or negligence (CFM, 1990). In this
scope, the terms such as malpractice, imprudence or negligence may be caused by the fatigue of the practitioner in the
daily activity and the common stress of the profession, however, in this case there may be a danger to the patient in a
procedure or in a prescribed medication (ALYAHYA et al. 2021; COELHO et al. 2011).

The various tables for the types of drugs with toxic potential can and should be consulted, but one cannot do it without the
minimal technical knowledge for the correct treatment.

In this sense, a detailed anamnesis will allow the discovery of comorbidities if the analysis is well conducted (EDUARDO
et al., 2023) and aspects of humanized treatments with patients are considered (BOHMAN, 2023), such as empathy, a
fundamental behavior for a good health professional-patient relationship (TORRES et al., 2019).

Neglect can be so serious that a real case can illustrate the situation. A pregnant woman warned the doctor that she was
using valproate, however, the doctor insisted on keeping using it. The patient showed knowledge that the drug could have
been toxic, but the authority of the scullion was imposed on her to continue using it; as a consequence, her child has now
Valproic Acid Syndrome.

Morphophysiological changes of the conceptus, embryo or fetus, are triggered at critical moments in pregnancy
(MOORE,2021), also, therefore, the prenatal care requires a team of health professionals and psychological support
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(GHAHREMANI et al., 2022; BEDASO; ADAMS; PENG, 2021) competent and committed to the maternal-fetal health to
avoid cases such as the one mentioned.

It is necessary to consider, out of a necessary and pressing respect for women, that pregnancy is a time of many
morphophysiological and emotional changes and it is natural that doubts about their body and their offspring arise
(OLIVEIRA et al., 2020). These anxieties should be known to the health team via prenatal consultations. Within these, the
search for empathy between those involved in the pregnancy process becomes obvious.

The team must know the history of pregnant women and prevent any possibilities of problems with the woman and the
fetus (VIELLAS et al., 2014; LEAL et al., 2020), including preventing the pregnant woman from using substances with
toxic potential; in fact, it is necessary to establish an action plan from pregnancy with a constant monitoring (WANG et al.,
2021), which will avoid, among others, teratogens of already well-defined causes (SCHULER-FACCINI et al., 2011; HUR
et al.,, 2021; ANSELEM et al., 2023). Therefore, by implication, it is a doctor's duty to pay attention to the medications
used before and during pregnancy, to the effects they may cause to the mother and her child, according to the stages of
the embryonic/fetal development.

Valproate began to be used in the 1960s and 1970s for the treatment of bipolar disorder and epileptic seizures (NUCERA,
et al, 2022; YEE, et al. 2021) as a GABA transaminase inhibitor (NICOLINI; FAHNESTOKI, 2017), acting on partial and
generalized seizures, and in bipolar mood manifestations (MARFARLANE; GREENHALGH, 2018); nevertheless, its use
during pregnancy has a teratogenic potential shown in a study of 7 children in 1984 (DILIBERRTI et al., 1984; HASEITEL,;
HARDAMAN, 2021; MOCQUART, et al. 2019) with effects similar to thalidomide (ELELANT; HANIN; COHEN, 2020),
dose-dependent, but without a concentration that is safe for a human use (NUCERA, et al, 2022), facts that have been
observed since the 1980s.

However, only in 2017 European countries such as France and the United Kingdom, warned about the use of this drug
during pregnancy (MARFARLANE; GREENHALGH, 2018).

In fact, using it in the first trimester of pregnancy increases the fetal risk of severe congenital malformations (AYKAN;
ERGUN; 2021).

The teratogenic mechanism of the drug has not been fully elucidated; however, it is hypothesized to be related to an
increased oxidative stress of the fetus antagonizing the effect of folate on the DNA synthesis (MACFARLANE;
GREENHALGH, 2018). Its main teratogenic mechanism is believed to be the inhibition of histone deacetylases that act on
cell cycle and differentiation (BLASZCZYK, et al. 2022) and by inducing apoptosis in developing brain cells (MANTHOU et
al. 2021).

Valproate causes congenital malformations such as neural tube defects and hypospadias (MOCQUART, et al. 2019),
neurodevelopmental and neurocognitive deficits (THOMAS, 2018; ELELANT; HANIN; COHEN, 2020; MEHTA et al.
2021), orofacial (NUCERA, et al, 2022; WESTON et al. 2016), musculoskeletal changes (MUTLU-ALBAYRAK; BULUT;
CAKSEN, 2017), cardiovascular changes (AYKAN; ERGUN; 2021; RANJITH; JOSHI, 2022); complications at the
delivery, fetal growth restriction (MACFARLANE; GREENHALGH, 2018; MOCQUART, et al. 2019; NICOLINI;
FAHNESTOKI, 2017).

After the birth, general and cognitive developments are compromised in children born to women with epilepsy exposed to
valproate, comparatively (THOMAS, 2018), which compromises the educational level with consequent problems in the
adult (BROMLEY, et al, 2014; NUCERA, et al, 2022).

Studies with children exposed to valproate during the gestational period showed that the absolute risk of autism spectrum
disorder (ASD) was significant (4.15%) (CHRISTENSEN, et al, 2013), and experiments with murine models proved that
the intrauterine exposure corroborated the development of problems similar to ASD (CHOI, et al., 2016; STADELMAIER
et al., 2017; MEHTA, et al, 2021; NUCERA, et al, 2022; HARA et al., 2012), as the drug compromises morphologically the
neuronal networks, the molecular markers, and reduces the number of Nissl neurons (KATAOKA et al.,, 2013); it
generates musculoskeletal defects associated with a hyper acetylation of histones in somites (RENZO et al. 2010) via the
inhibition of histone deacetylases with consequent abnormalities in gill arches due to problems in the gene expression
regulated by retinoic acid (METRUCCIO et al., 2020; MENEGOLA et al., 2021; METRUCCIO et al. 2023).

Studies report that the offspring of pregnant rats taking valproate showed supernumerary and fused ribs and vertebrae
(KIRIHATA et al., 2017; MUTLU-ALBAYRAK; BULUT; CAKSEN, 2017), joints are smaller, fingers are proportionally long
and overlapping, defects in the radius bone, deformities in the feet and in the rib cage (MUTLU-ALBAYRAK; BULUT;
CAKSEN, 2017).

Among the orofacial abnormalities, there may be a cleft lip and/or palate (METRUCCIO et al. 2023), epicanthic folds, a
decreased nose size with anteverted nostrils, an elongated and flat lip filter, an altered cephalic index, craniosynostosis
(STADELMAIER et al., 2017), a frontal protrusion, a wide nasal bridge, a bitemporal narrowing (DOYAN; BAYKAN;
VURAL, 2020).

By inhibiting the histone deacetylase enzyme, disturbances in cardiovascular morphology occur (RANJITH; JOSHI, 2022),
in fact, it is observed in Valproic Acid Syndrome, a hypoplastic aortic arch, an abnormal aortic valve, a coarctation of the
aorta (STADELMAIER et al., 2017) and an interatrial communication (AYKAN; ERGUN; 2021). Reports cited that a fetus
exposed to valproate was born with a coronary arteriovenous fistula (DOYAN; BAYKAN; VURAL, 2020) and two other
reports cited right pulmonary artery defects (MO; LADUSANS, 1999).



In lower animals, during the embryogenesis, studies with zebrafish exposed to valproate showed an enlargement of the
pericardium, a pericardial edema with a consequent decrease in the blood circulation and due to an impaired cardiac
function, some larvae did not survive (RAJESH et al., 2020).

4. CONCLUSION

The analysis of the articles studied in this work indicates that valproic acid is a teratogen that leads to a syndrome that
receives its name in fetuses whose mothers use it as an antidepressant drug, causing several physical defects in general
and behavioral defects due to the impairment of the neural system. In this sense, it is essential that the team caring for
pregnant women know the history of the pregnant woman and check all the medications she is using and replace those
with a teratogenic potential, especially if the patient has a diagnosis of mental iliness such as depression.

Prevention is the main action to prevent children from presenting valproic acid syndrome with an emphasis on pregnant
women. The actions of the multidisciplinary health team should be aimed at preventing the mother's behavior from
affecting the embryos/fetuses in relation to their development.
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