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Resumo

A cesariana € uma das intervenc@es cirdrgicas mais frequentemente executadas a
nivel mundial e a sua taxa de realizacdo tem vindo a aumentar exponencialmente nas
Ultimas décadas. Apesar de ser um procedimento indispensavel em situacdes
emergentes, tem sido associado a varios desfechos adversos no que concerne saude
materna e infantil. Até a data, hd uma escassez de estudos consistentes relativamente a
associacao entre tipo de parto e neurodesenvolvimento da crianca.

O objetivo desta revisdo bibliografica ¢é destacar a possibilidade do
neurodesenvolvimento da crianca e do adolescente ser afetado pelo tipo de parto.

A pesquisa bibliogréafica foi feita recorrendo a plataforma PubMed e a revisdo baseou-
se em estudos publicados entre 2005 e 2018.

No que respeita a gravidezes e partos ndao complicados, a maioria dos estudos nao
verificou qualquer diferenca no neurodesenvolvimento de acordo com o tipo de parto,
exceto relativamente a cesariana ndo planeada, que geralmente se correlaciona com
piores resultados. No caso de apresentacdo pélvica, os desfechos a curto prazo de
criancas nascidas por via vaginal foram piores, enquanto as consequéncias neurolégicas
a longo prazo se mostraram contraditérias. Criancas prematuras foram mais
comummente associadas com desfechos neurolégicos adversos e estes variavam
consoante a idade em que a crianga era avaliada. Relativamente a administracdo de
farmacos durante o parto, os efeitos neurolégicos a longo prazo em criangas expostas a
oxitocina exdgena ndo sdo claros e uma exposicdo neonatal transitéria a farmacos
anestésicos durante o parto provavelmente ndo sera prejudicial ao
neurodesenvolvimento.

O neurodesenvolvimento de uma criangca € influenciado por inUmeras variaveis
genéticas e ambientais, tornando inviavel analisar todos os fatores que possam afetar os
resultados neurocognitivos. Deste modo, € necessaria investigacdo adicional para
esclarecer se o neurodesenvolvimento esta de facto associado com o tipo de parto ou se
os verdadeiros influenciadores sdo causas subjacentes ao mesmo. Assim, quando se
considera o tipo de parto, cada caso deve ser analisado individualmente, os riscos e
beneficios para a mae e crianca devem ser investigados e crencas comuns devem ser
desmistificadas, de forma a ajudar as maes a tomar uma decisdo informada e promover o

desenvolvimento saudavel das criangas.



Abstract

Background: Cesarean section is one of the most frequently performed surgical
procedures in the world and its rates have been increasing worldwide over the past
decades. Despite being a lifesaving procedure in emergent situations, it can be
associated with a range of adverse maternal and childhood health outcomes. To date,
there is a lack of consistent studies regarding the association between mode of delivery
and a child’s neurodevelopment.

Objectives: The aim of this review is to highlight the possibility of neurocognitive
outcomes during childhood and adolescence being affected by the child’s mode of
delivery.

Methods: Literature review based on studies published between 2005 and 2018,
available on PubMed.

Results: Regarding uncomplicated pregnancies and deliveries most studies found no
difference in neurodevelopment according to mode of delivery, apart from nonplanned
cesarean, which usually correlates to worse outcomes. In breech presentation, short-term
outcomes of children born vaginally were poorer while long-term neurological outcomes
were contradictory. Preterm infants were more commonly associated with adverse
neurological outcomes and these varied according to the age at which children were
assessed. Considering drug administration during delivery, the long-term neurological
results of children exposed to exogenous oxytocin are unclear and transitory neonatal
exposure to anaesthetic drugs during delivery probably won’t harmfully influence long-
term neurodevelopment.

Conclusions: Neurodevelopment is influenced by a vast number of genetic and
environmental variables, becoming impracticable to account for all factors that may affect
neurocognitive outcomes. Therefore, future investigation is necessary to enlighten if
neurodevelopment is in fact associated with mode of delivery or if underlying causes are
the real influencers. Thus, when considering mode of delivery, every obstetrical case
should be individually analysed, maternal and neonatal risks and benefits should be
balanced and common beliefs demystified to help mothers make an informed decision

and promote their children’s healthy development.

Keywords: vaginal delivery; cesarean section; neurodevelopmental outcomes; children;

breech presentation; preterm.



Abbreviations

CS — Cesarean Section
IQ — Intelligence Quotient
VD — Vaginal Delivery
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Introduction

Cesarean section is one of the most frequently performed surgical procedures in the
world, representing the most executed major obstetrical intervention, with rates varying
between 5-60%.1 Some situations constitute absolute indications for cesarean section,
such as placenta praevia, truly obstructed labour from a contracted pelvis or significant
fetal macrosomia. Relative indications for this procedure are those where it is considered
that the risk of a vaginal birth exceeds the risk of cesarean.? Therefore, cesarean section
can be a lifesaving procedure in emergent situations, being responsible for the decrease
in mother and child mortality during childbirth. According to the World Health Organization,
the ideal rate for cesarean sections worldwide, justified from a medical perspective, would
be around 10-15%.3

Over the last decades there has been a global rise in the rate of cesarean section,
which is believed to have as major contributors the increase in maternal request and
changes in clinical practice.*® Furthermore, rates well above the World Health
Organization’s recommended 15% ceiling suggest a high number of unnecessary
procedures.’

Since a cesarean section constitutes a surgical procedure, it can be associated with a
range of adverse maternal and childhood health outcomes.8® Some relations between
cesarean birth and adverse child health outcomes have already been established, such as
asthma, type 1 diabetes, allergies and obesity.10-13

Contrarily, there is a lack of consistent studies regarding the association between mode
of delivery and a child’'s neurodevelopment, particularly referring to cognitive
development, such as intelligence and learning abilities. Despite the shortage of evidence
on this subject, it is a common opinion that a child’s cognitive function is negatively
affected by the pressure of passing through the birth canal during vaginal delivery, and
this constitutes one of the main reasons in developing societies for the increase of
cesarean delivery on maternal request.>® Additionally, some modes of delivery, such as
instrumental vaginal delivery (forceps or vacuum) and cesarean delivery in labour, are
invariably related to a higher risk of intracranial injury, however data regarding long-term
neurological outcome of children born by these procedures is sparse.415

An extremely important aspect to account for when assessing a child’s
neurodevelopmental outcome according to mode of delivery is fetal presentation. Breech
presentation at term occurs in 2-3% of all singleton pregnancies®-18 and according to the
Term Breech Trial a planned vaginal birth of a breech baby was associated with

significantly increased perinatal or neonatal mortality or serious neonatal morbidity in



comparison with planed cesarean section.!® However, this trial also stated that no
differences in neurodevelopment in children at 2 years of age could be verified according
to planned mode of delivery.?® Therefore, mode of delivery in breech infants may
influence short and long-term outcomes, such as cognitive development, but there have
been few studies on the subject and their results are unclear.?1-23

Likewise, premature birth exerts a significant influence in neurodevelopmental
outcomes of children, mainly since fetal brain development suffers a rapid acceleration as
of 32 weeks of gestation, making it vulnerable to disturbance in a shortened
pregnancy.?42°> Accounting for these infants’ patent fragility, it's of utmost importance to
consider how mode of delivery might further affect their neurodevelopment, but data is
limited regarding these outcomes.?® Even though there is no consensus regarding optimal
mode of delivery, the rate of cesarean section exceeds that of vaginal delivery in this
group of infants, mainly because it is believed that cesarean will allow for a less traumatic
birth.27

Furthermore, human neurodevelopment is particularly vulnerable to pharmacological
and environmental agents between the third trimester of pregnancy and up to 3-4 years of
age.?82° Therefore, given the evolution of obstetrical interventions and consequent
increase in drug administration during delivery, it becomes of extreme relevance to
consider the effects of the latest on children’s long-term neurological outcomes. For
instance, use of oxytocin is currently one of the most common medical practices in
obstetrics and it’s included in the recommendations of the World Health Organization for
labour induction.3%31 However, some studies have suggested that excess in circulating
oxytocin may cross the placental barrier and reach the neonate’s brain through the
bloodstream, desensitizing their oxytocin receptors and producing adverse effects.32:33
Regarding anaesthetics and analgesics, numerous studies have shown that neonates
may be briefly affected by their usage during labour and delivery, nevertheless the long-
term effects of these drugs in children’s neurodevelopment is not well established.343%

In short, a child’s neurodevelopment is a key outcome that needs to be accounted for
when assessing mode of delivery, even though it can be influenced by several other
variables. To date, studies conducted in this area have shown inconsistent results and

may be unrepresentative of the general population.



Objectives

The aim of this literature review is to highlight neurodevelopment/cognitive
performance during childhood and adolescence while assessing the possibility of it being
affected by the child’s mode of delivery. To this end, outcomes of vaginal delivery and
cesarean section will be analysed regarding neurodevelopment, concurrently considering
possible influencing factors such as emergency delivery, instrumental birth, breech
delivery, premature birth and effects of drugs administered during labour and delivery.



Methods

Search strateqy

The online platform used for this review was PubMed, resorting to the following search
phrases: Mode of delivery/Type of delivery/Cesarean/Vaginal delivery/Dystocia
birth/Eutocia birth/Forceps and child development; Mode of delivery/Type of
delivery/Cesarean/Vaginal delivery and cognitive performance; Mode of delivery and
learning disabilities; Mode of delivery/Type of delivery/Cesarean/Vaginal delivery/Dystocia
birth and neurodevelopment; and MeSH word formula: ("delivery, obstetric'[MeSH Terms]
OR "parturition'[MeSH Terms] OR “dystocia"[MeSH Terms] OR "surgical
instruments"[MeSH Terms] OR "cesarean section'[MeSH Terms] OR "vagina"[MeSH
Terms] OR ‘"extraction, obstetrical'[MeSH Terms] OR ‘'"vacuum extraction,
obstetrical'[MeSH Terms] OR "obstetrical forceps'[MeSH Terms]) AND (“infant"[MeSH
Terms] OR "child"[MeSH Terms] OR "adolescent"[MeSH Terms]) AND ("cognition"[MeSH
Terms] OR "intelligence"[MeSH Terms] OR "learning disorders"[MeSH Terms] OR "child

development"[MeSH Terms] OR "adolescent development"[MeSH Terms]).

Inclusion criteria

In this review were eligible for inclusion case reports, case control studies and cohort
studies, written in English or Portuguese, that dated between 2005 and 2018, regarding
neurocognitive development and mode of delivery, in study populations under 19 years of

age.

Exclusion criteria

For this review were excluded review articles and all studies regarding: behavioural
disorders; autism spectrum disorders; children born from artificial insemination; effects of

drug usage during pregnancy; twin pregnancy.

Avrticle selection

20 original studies were chosen and analysed in this review and their main
characteristics are summarized in Table I. Particularly, it should be noted that at some
point during the execution of each of the aforementioned studies, a statistic analysis was
performed to adjust for potential confounding factors. Commonly included covariates in
these studies were: maternal age at birth; parity; parental education; maternal occupation
and employment; socioeconomic position (parental income); smoking habits during
pregnancy; complications during pregnancy or labour; birth order; gestational age at birth;

gender; birthweight; small for gestational age; 5-minute Apgar score.



Furthermore, bibliographic references of the selected studies were also considered
and incorporated in this review when found relevant. The schematics of article selection

are shown in Fig. 1.



Results

Vaginal delivery vs cesarean section

Regarding maternal and child characteristics, some studies revealed an association
between the latest and mode of delivery. For instance, Li et al. observed that the mothers
of children born by elective CS were older, had a higher education level and higher 1Q.°
The findings of Smithers et al. were in accordance, adding that these mothers were more
likely to have a private obstetrician, more antenatal visits, be living in more advantaged
areas, and less likely to smoke during pregnancy.? Additionally, both studies stated that
children born by elective cesarean were less likely to suffer from intrapartum fetal distress,
having higher five-minute Apgar scores.>® Contradicting these results, a study executed in
an Australian cohort found that mothers who underwent CS were more likely to have a low
socioeconomic position, and the children born by cesarean delivery were more commonly
preterm, low birth weight and more likely to require post-delivery intensive care.?
Concerning vaginal birth, a study by Ahlberg et al. showed that women whose children
were delivered by vacuum extraction were more likely to be older, have a higher
education and a higher household income than those who gave birth without
instruments. 36

Comparing neurocognitive development/learning abilities of children born by VD
(spontaneous or instrumental) or CS, at term, after uncomplicated pregnancies, both
Khadem et al. and Li et al. reported that in the crude analysis, children born by elective
cesarean had a higher 1Q than those born by vaginal delivery. However, when adjusted
for confounding factors, particularly parental education, the difference became statistically
insignificant.>® Furthermore, Polidano et al. stated that child cognitive outcomes are
positively associated with mothers that are college educated, are older when giving birth,
have a partner, have private health insurance, are employed and have fewer previous
births but no relation was found between cesarean birth and several cognitive outcomes
measured from ages 4 to 9 in an Australian cohort, after adjusting for the socioeconomic
advantage associated with cesarean birth in Australia and perinatal risk factors.3” Ahlberg
et al. assessed school performance in adolescents aged 15-16 years using 2 outcome
variables: mean grade point average and mean score on national mathematics tests. In
both cases, after the adjustment for covariables, children born by noninstrumental delivery
had higher scores compared to all other modes of delivery, particularly vacuum extraction
delivery and nonplanned CS, which had the lowest scores.3°

A study performed by Bahl et al. focused simply on the neurodevelopmental outcomes

of children whose mothers had term singleton cephalic pregnancies and required



operative delivery at full dilation. The cohort was subdivided into 3 groups: completed
instrumental VD, failed instrumental VD followed by cesarean, and immediate cesarean
delivery. Children outcomes were evaluated through the caregiver completion of adapted
guestionnaires and there were no significant differences in reported neurodevelopmental
concerns among the 3 groups at 5 years of age.'®

Considering obstetrical history, a child’s neurological outcome may differ according to
their mothers’ previous mode of delivery (CS or VD). Regarding learning disabilities,
Smithers et al. and Black et al. found no significant differences when comparing planned
repeat CS and spontaneous vaginal birth after CS, after adjusting for confounding
variables.>3® However, learning disability was found to be more common when the child
was born by unscheduled repeat CS, in comparison to spontaneous vaginal birth after
Cs.3®

Impact of breech presentation

A study conducted by Molkenboer et al. aimed to analyse whether the planned mode of
delivery in breech presentation had an impact on neurodevelopmental outcomes.3° To this
effect, child development was assessed based on Ages and Stages Questionnaire (ASQ),
containing 5 domains*®, and in the group of children with 1 or more abnormal domains,
the difference in percentage of children born by planned CS and planned VD was
statistically insignificant when their birth weight was under 3500 g. However, in children
with birth weights greater than 3500 g, the risk of having 1 or more abnormal domains was
higher in the planned VD group.3°

To the same end, Eide et al. executed a study, which revealed that when comparing
breech births with cephalic births the rate of CS and birth defects is higher in the first
group, as is the percentage of preterm and small for gestational age infants. Despite these
findings, when assessing intellectual performance, no difference was observed between
males delivered in breech compared to cephalic presentation. On the contrary, when
considering only breech presentation, intellectual performance among males delivered by
CS was slightly lower in comparison to VD.?!

Regarding short and long-term outcomes of breech presentation, Mackay et al.
analysed Apgar score, record of additional support needs (ASN) and level of education
attainment in the following groups: vaginal breech delivery, planned CS for breech
presentation and vaginal cephalic delivery. Concerning the Apgar score, children born by
vaginal breech delivery had lower Apgar scores than those born by cephalic vaginal
delivery or planned CS for breech presentation. On the contrary, children delivery by

planned CS for breech presentation had better Apgar scores than either group of VD. In



terms of ASN, these were more common among children born by breech VD, and these
children were also more likely to achieve lower examination results. After adjusting for
confounding variables, the levels of educational attainment were comparable between
children born by planned CS for breech presentation and cephalic VD.??

Serving the same purpose as the previous study, Macharey et al. assessed arterial pH,
Apgar score and neurodevelopment at 4 years of age in children with breech presentation
delivered by planned CS or vaginally after a trial of labour. Regarding short-term
outcomes, the prevalence of an arterial pH below 7 and a 5-min Apgar below 7 was
significantly increased in children delivered vaginally in comparison to those born by
planned CS. Concerning neurological development at the age of 4 years, no significant

difference was found between these two groups.?®

Influence of premature delivery

To assess the effect of mode of delivery in neurodevelopmental outcomes of preterm
infants, Obi¢an et al. conducted a study including children born between 23 4/7 and 25 6/7
weeks delivered by CS or VD in which the primary outcome was Bayley Il scores* at 2
years of age. On both unadjusted and adjusted analyses there was no significant
difference in Bayley scores between the group delivered by CS or VD.*? Kimura et al.
came to the same findings when studying a group of neonates born under 26 weeks,
observing that after adjustment for potential confounding factors CS did not have a
significant positive effect on neurodevelopment in comparison to VD. However, a
subgroup analysis limited to breech presentation showed that CS was associated with
improvement in neurodevelopmental outcomes.*3

Bentley et. al resorted to the AEDC instrument to evaluate development in school aged
children, born at 32 or more weeks of gestation, which assessed 5 main domains and
children were classified as developmentally high risk (DHR) if they were found to be
developmentally vulnerable on 22 of those domains.** Contrarily to the previously
mentioned studies, this last study revealed that children who were DHR were more likely
to be male, small for gestational age or born to younger mothers with less income or who
smoked during pregnancy, but, even after adjusting for these confounders, all modes of
delivery that involved obstetric interventions were associated with a higher risk of being
DHR when compared to VD after spontaneous labour, particularly CS after labour
induction. Furthermore, they observed that the adjusted risk of being DHR decreased with
increasing gestational age.*®

Regarding extremely low birth weight infants, the study of Minguez-Milio et al. involved

neonates whose birth weight was under 1000g and neurodevelopmental outcome was



assessed using the McCarthy test 6, made up of six scales. Their results showed that all
the indices of the six scales were lower than normal reference values and, when
accounting for mode of delivery, children born by CS had higher values.*’ In opposition,
Zhu et al. found no difference in neurodevelopmental outcomes at 2 years of age

according to mode of delivery in infants whose birth weight was 15009 or less.*8

Effects of drug administration during delivery

Aiming to analyse long-term effects of administration of exogenous oxytocin during
labour in infant’s neurodevelopment, Gonzalez-Valenzuela et al. conducted a study in
children at the age of 5 years where they assessed the presence of developmental delay
based on the total score in the Battelle Developmental Inventory.3%#° They observed that
the effect of oxytocin was mainly modified by maternal age and mode of delivery, being
more noticeable in children born by noninstrumental VD to mothers under 28 or over 35
years, while the risk of developmental disorders decreased in infants born by noneutocic
birth (instrumental VD or CS) to mothers whose age ranged between 28 and 35 years.
Furthermore, this last group included women with higher risk pregnancies.3°

Regarding analgesia and anaesthesia, a search group of the Mayo Clinic performed
two studies to assess a potential influence of anaesthesia for CS and neuraxial labour
analgesia for VD on childhood learning disabilities.3*3° The first study conducted by
Sprung et al. revealed that children delivered by CS under general anaesthesia had lower
birth weight, gestational age and Apgar scores, their mothers were more likely to have
complications during pregnancy and delivery, and the CS was more commonly emergent.
However, children exposed to general or regional anaesthesia for CS were not more likely
to develop learning disabilities than those born by VD. In fact, an adjusted analysis
showed that the risk of learning disabilities was lower in children born by CS under
regional anaesthesia when compared to VD.3* The posterior study conducted by Flick et
al. observed that mothers who received neuraxial analgesia were older, more likely to
have had complications during pregnancy and delivery and had a higher rate of forceps or
vacuum assisted deliveries. The unadjusted analysis revealed that the risk for learning
disabilities was higher in children born by VD with neuraxial analgesia than those born by
VD without neuraxial analgesia. However, after adjusting for confounding factors, there

was no significant difference between the two groups.3®



Discussion

Vaginal delivery vs cesarean section

The association established in some studies of a higher rate of elective CS among
older women with higher education level and income is possibly related to the fact that
these women have more access to information and a more closely watched pregnancy,
which translates to less complications during pregnancy and delivery and consequently
better childhood health outcomes.?® The contradiction presented in a study of an
Australian cohort 8 is likely due to the fact that in this study not only elective CS was
considered but also non-scheduled CS, which is usually associated with a higher risk of
complications, and therefore worse outcomes.

Regarding neurocognitive outcomes, the fact that many studies revealed an
insignificant difference between CS and vaginal birth, after the adjustment for confounding
variables, suggests that a child’s neurodevelopment might be more influenced by other
factors, such as maternal age, parental education and income, rather than mode of
delivery itself.>6:37 Nevertheless, it should be considered that most of these studies were
conducted with women who had uncomplicated pregnancies and deliveries, in order for
the characteristics of the CS and VD groups to be comparable. Therefore, the findings of
these studies may not be generalized to children whose mothers had a complicated
pregnancy or needed to be submitted to an emergency CS for complications during
delivery, such as breech presentation.>®

The similarities observed by Ahlberg et al. in school performance of children born by
vacuum extraction and nonplanned CS suggest that both modes of delivery are equivalent
alternatives for terminating deliveries regarding cognitive outcomes. However, it should be
noted that this study was conducted in a country where birth by vacuum extraction is
performed at a higher rate in comparison to other countries and therefore most
professionals have a high level of experience. Consequently, these results cannot be
generalized to situations in which vacuum extraction is rarely performed.2® In spite of this
limitation, the results of the study performed by Bahl et al. in a different context support
the evidences of the previous study.'® Furthermore, the small difference in school
performance observed between instrumental delivery and non-scheduled CS and other
modes of delivery reflect that the impact of the latest in these children’s lives will likely be
minimal.3¢ This difference may in turn be explained by the association between
instrumental VD and emergency CS and an increased risk of low Apgar scores, fetal

acidosis and moderate to severe neonatal encephalopathy.5%-51
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Assessing obstetrical history of previous CS, the observed higher probability of
developing learning disabilities in children born by unscheduled repeat CS compared to
those born vaginally after CS may reflect the risk of scar rupture when attempting vaginal
birth after CS, leading to unscheduled CS and potential hypoxic brain injury or death of

the child.38:52

Impact of breech presentation

Mackay et al. and Macharey et al. agreed that short-term outcomes in breech
presentation were worse in children born by VD, confirmed by lower arterial pH and Apgar
Scores in this group.???® These findings are probably explained by the common
occurrence of umbilical cord compression during the delivery of the fetal head. Therefore,
it is important to select women eligible for vaginal labour, since breech presentation itself
might constitute an indicator of obstetric risk factors'® and consequent adverse
neurodevelopmental outcome.??

Concerning long-term neurological development and intellectual performance, the
studies analysed revealed different results. Molkenboer et al. found no difference in
neurodevelopment in breech presentation according to mode of delivery, but only in
children whose birthweight was under 3500 g. Therefore, birth weight should be
considered when assessing long-term outcomes of mode of delivery in breech infants.3°

Similarly, the study conducted by Macharey et al. revealed no significant difference
concerning neurological development at the age of 4 years between children with breech
presentation according to mode of delivery. Furthermore, this study is strengthened by the
fact that they were able to exclude other risk factors for adverse neurodevelopment
outcome to evaluate the pure risk of vaginal breech delivery itself.?3

In disagreement with these findings, Eide et al. and Mackay et al. observed differences
in intellectual performance according to mode of delivery in breech presentation. The first
study noted that males delivered by CS performed at a lower intellectual level while the
second observed that the lower education attainment was more common among children
born by VD.?122 These contradictory findings may be explained by population selection
bias, since the first study only refers to males, or the influence of covariables that weren’t
accounted for. Furthermore, the study performed by Mackay et al. excluded multiple
pregnancies, preterm deliveries and very low birthweight infants and therefore their results

should not be generalized to these groups.??
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Influence of premature delivery

Obican et al. and Kimura et al. observed that in preterm infants, mode of delivery did
not impact neurodevelopment.*243 Furthermore, Kimura et al. performed several
sensitivity analyses to account for potential biases, such as missing data, and found no
changes in the results, which strengthens their findings. Regarding their analyses of
preterm infants with breech presentation, the improvement in neurological outcomes
associated to CS may be explained by the fact that occasionally labour in gestations <26
weeks progresses rapidly, leading to VD without the precautions required for a breech
presentation and consequently worse outcomes.*3

In opposition to the findings of the previous studies, Bentley et al. observed that
delivery by CS after labour induction was associated with higher risk of adverse
neurodevelopmental outcomes. This study however focused on infants born at 32 or more
weeks of gestation, while the previous assessed neurodevelopment in extremely preterm
neonates (<26 weeks), which might contribute to their different results. Moreover, the age
at which children were evaluated also differed among the studies, as the first two
concerned children at 2-3 years of age while the latest focused on school aged children.
This consideration is of great relevance since many neurological deficits may not be
manifested until school age, and therefore the absence of neurological impairment at a
younger age does not assure that these children won’t have adverse neurological
outcomes in the future.#24345 Additionally, to overcome potential confounders, Bentley et
al executed a subgroup analyses in women with low-risk pregnancies that supported their
previous findings. Furthermore, their observation that adverse neurological outcomes
decreased with increasing gestational age supports clinical guidelines that recommend
that labour induction or preterm CS without medical indication should not be performed
before 39 to 40 weeks of gestation.*®

Regarding extremely low birth weight infants, the studies of Minguez-Milio et al. and
Zhu et al. presented contradictory results, however the studies once again differed in the
age at which children were evaluated for neurological outcomes. The first had a longer
follow-up period and revealed that children born by CS had better results while the second
assessed children at 2 years of age and found no difference in outcomes according to

mode of delivery, which correlates with the findings discussed above.*”8

Effects of drug administration during delivery

The results of the study conducted by Gonzalez-Valenzuela et al. can be grouped by
maternal age: in women aged 28-35 years the use of oxytocin had a protective effect in

dystocic delivery (higher risk pregnancies), while in women under 28 or over 35 years of
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age this effect was not observed, on the contrary it increased the risk of low scores in
eutocic delivery. This contradiction in results may be explained by the fact that the first
group is at higher risk for a complicated labour and so promoting the shortening of the first
and second stages of labour with the use of oxytocin will accelerate the end of labour 53
and reduce the risk for adverse outcomes. Additionally, in these cases the fetal exposure
to exogenous oxytocin is less prolonged. Contrarily, this exposure in the second group is
longer, which might support the increased risk for developmental disorders in
noncomplicated eutocic deliveries. On this note, an important factor that could help
explain the contradictory findings would be the dose of oxytocin used in each case,
however this variable was not accounted for, which should be considered as a limitation to
this study.°

The two studies performed by search groups of the Mayo Clinic were conducted with
the purpose of being complementary.343> The unexpected result of the study conducted
by Sprung et al. that risk of learning disabilities was lower in children born by CS under
regional anaesthesia could be explained by the organism’s stress response to labour and
delivery.®* Labour and VD are associated with a significant increase in the levels of stress
hormones, which in the neonatal period may produce important changes in the developing
brain and play a key role in neurodevelopmental outcomes.>*>° Epidural anaesthesia for
CS decreases stress hormone levels in both mother and fetus compared to VD and
significantly decreases these levels compared to CS performed under general
anaesthesia.®>®’ Therefore, the proposed hypothesis was that regional anaesthesia for
CS would have a strong enough effect on the inhibition of the stress response to influence
long-term neurodevelopmental outcomes.®* With the intent to provide support for this
hypothesis, Flick et al. focused on the effects of neuraxial analgesia in VD and found that
the latest had no effect on the incidence of learning disabilities.®®> Regarding the stress
response hypothesis, these finds do not offer reinforcement. However, even though
neuraxial analgesia can decrease some levels of maternal stress response, its effects on
neonatal stress response aren’t so clear.>®>°® Additionally, neuraxial analgesia does not
prevent psychological stress associated with delivery, which might contribute to increase
stress hormones despite pain control.>® Furthermore, mothers who received neuraxial
analgesia had higher rates of instrumental deliveries which may increase fetal stress and
overcome the potential analgesic benefits in stress response. Lastly, it's possible that
neonatal stress has no influence in neurodevelopmental outcomes and therefore the
stress response hypothesis cannot support the previous findings concerning regional
anaesthesia and CS. Nevertheless, the possibility of confounding factors that weren’t

accounted for having affected the results cannot be excluded. Moreover, another limitation
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to both studies is that the inhalation agents used in general anaesthesia for CS and the
techniques used to provide neuraxial analgesia in the study period are not in accordance

with current practices.343%
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Conclusions

As observed in previous studies, the findings in this review regarding uncomplicated
pregnancies and deliveries cannot support an association between vaginal or cesarean
delivery and neurodevelopmental outcomes, apart from nonplanned cesarean section
which usually correlates to worse outcomes, since it's normally associated with emergent
situations.

Focusing on operative deliveries, a small difference was observed in school
performance of children born by instrumental vaginal delivery and nonplanned cesarean
section in comparison to those born by noninstrumental vaginal delivery or planned
cesarean, nonetheless this should have a minimal impact in a child’s future
neurodevelopment.

Concerning deliveries in breech presentation, short-term outcomes in children born by
vaginal delivery were consistently poorer when compared to those born by planned
cesarean, however long-term neurological outcomes of these neonates according to
mode of delivery were contradictory and therefore further studies are needed to assess
optimal mode of delivery in this group.

In general, preterm infants were more commonly associated with adverse neurological
outcomes regardless of mode of delivery and it was observed that the latest decreased
with increasing gestational age, thus delivery should be postponed as much as possible in
the absence of risk circumstances that endanger both mother and child, to ensure the
best developmental outcomes. Moreover, in this group of infants, neurocognitive
outcomes undoubtedly varied according to the age at which children were evaluated,
which enforces the need for studies with longer follow-up time to truly assess the effects
of premature delivery in neurodevelopment. Furthermore, the results regarding premature
birth and mode of delivery must be cautiously considered given the fact that they vary
considerably according to the characteristics of some subgroups, such as extremely
premature infants, premature infants with breech presentation and extremely low birth
weight infants.

Considering the most commonly used drugs in the obstetric setting and their possible
effects in neurodevelopment, this review showed that, for instance, the long-term
neurological outcomes of children exposed to exogenous oxytocin are still unclear and so
its use should be limited in terms of length of exposure and dose (lowest effective dose).

The findings also suggest that a transitory neonatal exposure to anaesthetic drugs
during delivery probably won’'t harmfully influence long-term neurodevelopment.
Additionally, one study proposed the hypothesis that regional anaesthesia for cesarean

delivery might reduce the fetal stress response to vaginal delivery and consequently have
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significant positive effects on later neurodevelopment. This fact was not supported by a
posterior study, nevertheless, more research should be conducted to further assess the
feasibility of this hypothesis.

Effectively, neurodevelopment is influenced by a vast number of genetic and
environmental variables and this fact constitutes the most important limitation to this
review, because even though the analysed studies proceeded with adjustments for
possible confounding covariables, it's impracticable to account for all factors that may
affect neurocognitive development. Thus, all findings should always be cautiously
interpreted.

Lastly, given the conflicting findings in this review, future investigation is necessary to
enlighten if neurodevelopment is in fact associated with mode of delivery or if the latest is
eventually dictated by unidentified underlying causes which would consequently be the
real influencers in neurodevelopmental outcomes.

In sum, the core message of this review is that when considering mode of delivery,
every obstetrical case should be individually analysed. Medical practitioners should
evaluate the maternal and neonatal risks and benefits of the different modes of delivery in
each specific situation (uncomplicated delivery, breech delivery, preterm delivery),
educate the mothers and try to demystify certain beliefs to help them make an informed

decision and promote their children’s healthy development.
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Appendix

Review’s Key Points

Vaginal delivery vs cesarean section

Regarding uncomplicated pregnancies and deliveries, most studies analysed
couldn’t support an association between mode of delivery and children’s
neurocognitive outcomes.>6:37

Concerning operative delivery, the tendency for lower scores when assessing
school performance in children born by instrumental delivery and non-scheduled
CS will probably have a minimal influence in future neurodevelopment. 1536

Impact of breech presentation

Short-term outcomes in children born by breech VD were consistently poorer when
compared to those born by planned CS.22:23

The results concerning long-term neurological outcomes in breech infants were
contradictory.?1-23.39

Influence of premature delivery

Adverse neurological outcomes were in general more common in preterm
infants.4’

Neurological outcomes improve with increasing gestational age.*®

In preterm infants, neurocognitive outcomes varied according to the age at which
children were assessed. The studies where children were evaluated at 2-3 years
of age revealed no difference between mode of delivery and neurodevelopment in
opposition to those where children were evaluated later in life,42:4345.47.48

The results vary according to the characteristics of some subgroups, such as
extremely premature infants, premature infants with breech presentation and
extremely low birth weight infants. 434748

Effects of drug administration during delivery

Oxytocin is an undeniably important agent in situations where labour acceleration
is necessary to improve maternal and neonatal outcomes.3°

The long-term neurological effects of children exposed to exogenous oxytocin are
still unclear.3°

Transitory neonatal exposure to anaesthetic drugs during delivery probably won’t
harmfully influence long-term neurodevelopment.34.3°

The proposed hypothesis that regional anaesthesia for CS reduces the fetal stress
response to VD and consequently has significant effects on later
neurodevelopment was not supported by a posterior study.343%

Limitations

Most studies focused on selected population cohorts, therefore some of the results
cannot be generalized, constituting a selection bias.

Neurodevelopment is influenced by a vast number of genetic and environmental
variables, becoming impracticable to account for all factors that may affect
neurocognitive development.

Recommendations

Future investigation is necessary to enlighten if neurodevelopment is in fact
associated with mode of delivery or if underlying causes are the real influencers.
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Tables

Table I. Studies analysed in the literary review.
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Table | (cont.). Studies analysed in the literary review.
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Fig. 1. Article selection methodology.
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