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Prenatal anesthetic exposure and
offspring neurodevelopmental
outcomes—A narrative review

Nannan Zhou, Shuang Liang, Xinying Yue and Wangyuan Zou*

Department of Anesthesiology, Xiangya Hospital, Central South University, Changsha, China

While it is common for pregnant women to take anesthesia during surgery, the
effects of prenatal anesthesia exposure (PAE) on the long-term neurodevelopment
of the offspring remain to be clarified. Preclinical animal research has shown
that in utero anesthetic exposure causes neurotoxicity in newborns, which is
mainly characterized by histomorphological changes and altered learning and
memory abilities. Regional birth cohort studies that are based on databases are
currently the most convenient and popular types of clinical studies. Specialized
questionnaires and scales are usually employed in these studies for the screening
and diagnosis of neurodevelopmental disorders in the offspring. The time intervals
between the intrauterine exposure and the onset of developmental outcomes
often vary over several years and accommodate a large number of confounding
factors, which have an even greater impact on the neurodevelopment of the
offspring than prenatal anesthesia itself. This narrative review summarized the
progress in prenatal anesthetic exposure and neurodevelopmental outcomes in
the offspring from animal experimental research and clinical studies and provided
a brief introduction to assess the neurodevelopment in children and potential
confounding factors.
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1. Introduction

Maternal exposure is defined as the exposure of the female parent (human or animal
during pregnancy) to potentially harmful physical, chemical, or biological agents in the
environment, such as ionizing radiation, pathogenic organisms, or toxic chemicals, all of
which may affect the offspring. The use of an anesthetic is one of the sources of exposure.
Prenatal anesthetic exposure (PAE) generally refers to maternal exposure to anesthetic drugs
during pregnancy, which occurred in ~0.75-2% of all pregnant women and is one of the
types of maternal exposure (1). PAE can be classified clinically under two circumstances.
The first case is when the mother herself requires surgery, and in this case, the fetus is similar
to an “innocent bystander.” Acute abdominal infections, trauma, and maternal malignancy
are the common indications for non-obstetric surgery, while the cesarean section is common
for obstetric surgery (1). Advances in assisted reproductive technology have made it possible
for more mothers to become pregnant, which indicates that more precious fetuses need to be
prevented from being saved from abortion. Therefore, the use of cervical cerclage to prevent
abortion also has been on increase in recent years (2, 3). Some of these procedures were
performed under general anesthesia. The second case for PAE is where the fetus itself is
subjected to a condition that requires an intrauterine surgical procedure. For example, a
repair of the spinal meningocele under open feral surgery or fetoscopy requires the mother
to undergo general anesthesia.
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The main concern about PAE is that the fetus may become
vulnerable to maternal anesthetic exposure. According to the
standards for grading the harm rendered by drugs to the fetus,
classes A and B are safe, while classes C and D show corresponding
evidence of the harm rendered to the animal and human fetuses,
respectively, but should be used cautiously when the benefits
outweigh the harms. The currently available drugs commonly
used for prenatal anesthesia are classified as classes B, C, and
D. For example, opioids, propofol, and ketamine are widely used
clinically, and therefore, more relevant studies are needed to gain
an understanding of the neurotoxicity of drugs.

The relationship between PAE and offspring neurodevelopment
has attracted more attention of researchers ever since 2016 when
the US Food and Drug Administration warned about minimizing
the use of narcotics in children under 3 years of age and in
mothers during pregnancy (4). A high-quality meta-analysis of
animal research showed that anesthesia has neurotoxic effects on
the developing brain and impairs learning and memory in the
offspring (5). However, due to ethical limitations, evidence from
randomized controlled studies (RCTs) is still rare and is largely
derived from cohort studies. Therefore, this review summarized
the progress in determining the long-term consequences of PAE
on the neurodevelopment of offspring, including preclinical and
clinical studies.

2. PAE and neurodevelopment in
offspring of animals

After PAE of the animal models, the neurodevelopment of in
the offspring was assessed mainly by observing the morphology of
the tissue sections of the central nervous system or by evaluating
their cognitive, learning, and memory abilities through some
behavioral and maze tests. Rodents and non-human primates are
the most commonly used animal models in the field. Prenatal
exposure has a significant impact on morphological changes, such
as neuronal proliferation, apoptosis, and learning memory capacity,
in the offspring of animals, but there are still major limitations of
translating the same result to humans.

2.1. PAE and neurodevelopment in rodents

Ikonomidou et al. (6) were the first to initiate the treatments
of neonatal and pregnant rats with an NMDA antagonist (MK801),
and their treatments revealed massive apoptotic degeneration in the
brains of the offspring of pregnant rats and of neonatal rats. This
study kicked off the debate on the anesthetics and neurotoxicity of
animal experiments. It is easier to use volatile anesthetics rather
than intravenous anesthetics in mice; therefore, several volatile
anesthetics have been used in some animal models. In a study of
animals administered isoflurane anesthesia, Rizzi et al. (7) found
significant neuronal apoptosis and necrosis in the offspring of
guinea pigs exposed to isoflurane for 4h, with or without nitrous
oxide and/or midazolam in early and mid-pregnancy. Palanisamy
et al. (8) found that, after administering 1.4% isoflurane anesthesia
for 4h in mid-pregnancy rats, the offspring had impaired spatial
memory acquisition. Surprisingly, Nie et al. (9) found that propofol
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attenuated isoflurane-induced embryonic inflammation, apoptosis,
and cognitive impairment in offspring mice.

In a related study about sevoflurane, Zheng et al. (10) used 2.5%
sevoflurane to anesthetize mid-pregnancy mice for 2h and found
reduced learning and memory functions in the offspring, along with
reduced levels of synaptophysin in the brain tissue, indicating that
synaptic integrity was compromised. To investigate whether these
impairments were dose-dependent, Wang et al. (11) set different
sevoflurane concentrations and anesthetized rats in mid-pregnancy
for 2h. They found that fetal neural stem cell proliferation was
inhibited in the high concentration (3.5%) sevoflurane group and
that the learning and memory functions were also impaired in
postnatal rats. In a study by Zou et al. (12), it was found that,
after 3h of desflurane anesthesia in mid-pregnancy mice, the
offspring had impaired memory and lower levels of synaptophysin
expression in the brain tissue, suggesting that desflurane exposure
during pregnancy may induce memory impairment in the
offspring through cell death and disruption of synaptic integrity.
Unfortunately, with the introduction of the European Union
policies recommending strict restrictions or bans on the use of
desflurane to reduce halogenated hydrocarbon emissions causing
global warming effects (13), studies on desflurane exposure during
pregnancy may be difficult to implement again. Overall, volatile
anesthetics have significant neurotoxicity to rodent progeny, while
some intravenous anesthetics such as propofol may provide
some protection.

2.2. PAE and neurodevelopment in
non-human primates

Non-human primates are closer to humans in terms of
physiology than rodents, and the results obtained are more likely
to be translated. Rhesus macaques are the more commonly used
animals among non-human primates. Creeley et al. (14, 15)
reported that intrauterine exposure to isoflurane or propofol for
5h in 120-day-old rhesus monkeys resulted in increased apoptosis
of neurons and oligodendrocytes. Brambrink et al. (16) set up
two types of ketamine exposure in rhesus macaques, respectively,
during fetal and early childhood and found that the developing
rhesus macaque brain is sensitive to the apoptogenic action of
ketamine at both a fetal and a neonatal age. Meanwhile, the
loss of neurons attributable to ketamine exposure was 2.2-fold
higher in the fetal brain than the neonatal brain, suggesting that
prenatal ketamine exposure was more likely to cause neuronal
apoptosis. The abovementioned studies on non-human primates
also confirmed the toxic effects of PAE on neurons.

2.3. Progress in potential confounding
factors of animal experiments

The results of animal models could not be directly translated
into clinical practice due to the enormous species disparity between
humans and other animal models. In addition, animal experiments
are often characterized by the following features: first, high doses
and long duration of anesthesia; second, only anesthesia without

frontiersin.org


https://doi.org/10.3389/fneur.2023.1146569
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhou et al.

surgery; and third, the absence of vital signs monitoring (e.g., blood
pressure). All of these features were different from the anesthesia
of humans and therefore would limit the translation to clinical
practice. The doses and duration of anesthesia can be changed easily
in the experimental environment. Therefore, the surgical procedure
itself and intraoperative monitoring during pregnancy become
significant potential confounding factors for animal models, and it
is crucial to understand how these factors affect the outcomes of
the offspring.

The effect of the surgery itself could not be clarified as it
was impossible to perform surgical procedures without anesthesia.
Bleeser et al. (17) explored the effects of surgery alone by
“calculating”. They divided pregnant rabbits into the surgery group
under anesthesia and the only anesthesia group. No significant
differences were found in neuronal density in the frontal cortex
of the offspring between the two groups. This outcome suggested
that the abdominal surgery in pregnant rabbits in the second
trimester resulted in limited neurophysiological changes but not in
neurobehavioral impairments. However, the high stillbirth rate in
the surgical group limits translation to the clinical practice because
fetal mortality clinically is close to zero. More refined animal
models with less severe trauma will be needed in the future.

Hypotension during anesthesia and surgery can be another
confounding factor that affects uteroplacental perfusion and
therefore the fetus. In this regard, Bleeser et al. (18) used pregnant
rabbits to investigate whether hypotension affects the fetal outcome
and the neurodevelopment of the offspring. Pregnant rabbits were
randomized into a norepinephrine group (maintaining the mean
arterial pressure above 80% of baseline) and a hypotensive group
and underwent a 2h exploratory laparotomy under sevoflurane
anesthesia. The results suggested no significant difference in frontal
neuron density between the two groups of young rabbits. However,
fetal survival was significantly lower in the norepinephrine group
compared to the hypotensive group, and there were lower sensory
scores and less proliferation of caudate and shell nuclei in the
neurobehavioral assessment. The results contradict the previous
hypothesis that the correction of hypotension is beneficial, possibly
due to a reduced blood flow as a result of norepinephrine
constricting the uterine vasculature. Future animal models should
compare different vital signs (e.g., blood pressure, partial pressure
of carbon dioxide, and heart rate) on the offspring outcomes.

3. PAE and neurodevelopment of
clinical trials

Owing to the ethical restrictions of RCTs, cohort studies
are the greatest choice for obtaining high-level information on
human maternal anesthesia exposure and neurodevelopmental
outcomes in offspring. Data collection on prenatal anesthesia
and child neurodevelopmental outcomes have been made possible
by database-based regional birth cohorts, which benefit from
comprehensive medical records, insurance information, and
follow-up methods. This review exclusively discusses prenatal
anesthesia for the matrix surgical intervention, excluding PAE for
intrauterine fetal surgery.
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3.1. Regional cohort studies: Early and
middle pregnancy

Pregnant women have always been advised to take surgery in
the middle of pregnancy due to the risk of induced abortion in
early pregnancy. Receiving anesthesia in early pregnancy is mostly
due to conditions that should not be delayed, such as maternal
emergencies and trauma, or are passively inhaled anesthetic
gases while working. An existing study showed that surgery in
early pregnancy does not appear to increase the incidence of
congenital defects in the fetus, but the abovementioned study
did not consider the effect of anesthesia (19). Mid-pregnancy is
a period of peak neuronal proliferation and migration and may
also be a critical stage affecting neurodevelopment (20). More
current clinical studies do not distinguish between early and mid-
pregnancy anesthesia; therefore, the PAE presented in this section
also mixes anesthesia exposure in early and mid-pregnancy. PAE
had an effect on some sub-domains of children’s development,
but the effect on intelligence was debatable. The relevant study
characteristics are shown in Table 1.

Anesthesiologists and nurses working in the operating room
may be exposed to anesthetic gases throughout the pregnancy of
female patients, which can be viewed as a specific occupational
exposure. A cohort study included 40 children aged 5-13 years
born to female anesthesiologists and nurses working in the
operating rooms (ORs) exposed to waste anesthetic gases, and 40
unexposed children born to female nurses and physicians who
worked in hospitals during their pregnancy but did not work
in ORs (21). No statistically significant differences were found
in the intelligence scores of their children at the age of 5-13
years, but a slightly increased risk of neurological deficits was
shown in the exposed group, such as mild motor impairment and
inattention/hyperactivity tendencies at school age. This study is the
first to answer the question of whether exposure to waste anesthetic
gases during pregnancy in anesthesia healthcare workers affects
offspring intelligence. However, the anesthetic gases in the study
were nitrous oxide, halothane, and isoflurane, which are not the
mainstream inhaled anesthetics, and future occupational exposure
cohorts need to explore the effect of modern anesthetic gas, such as
sevoflurane, on the offspring of anesthesia staff (21).

The sibling-matched cohort led by O’Creagh et al. (22)
investigated a total of 515 children, of whom 262 were in the
autism spectrum disorder (ASD) group and 99 had been exposed
to anesthetics in utero or in early childhood; while 253 children
of the control group (non-ASD) were siblings of the ASD group
and 110 of them had received anesthetics. Exposure rates were
similar in both groups, indicating that exposure to anesthetics
in utero or in early life was not associated with a significantly
increased risk of autism and was unlikely to progress to a
severe form of the disorder. The study used sibling matching to
circumvent the influence of genetics and environment, but the
time of exposure included both intrauterine and early life (within
2 years and later), and it was a case-control study in terms of
retrospective thinking from outcome to exposure. Kravets et al.
(23) explored the relationship between maternal lifetime exposure
to surgery or pregnancy exposure to fluorinated anesthetics and
children’s cognitive development and educational outcomes. The
study followed a total of 47,977 children, and some of their mothers
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TABLE 1 Characteristics of studies on the association between PAE and offspring neurodevelopment.

10.3389/fneur.2023.1146569

Year Type of Type of The age of  Sample size  Primary Secondary
research anesthetics offspring outcome outcomes
(year) with
differences

Ratzon et al. (21) 2004 Single-center, Waste Anesthetic 5-13 80 Intelligence (-) Gross motor,
retrospective Gases (N, O, ADHD
matched cohort Halothane, Iso)
study

Creagh et al. (22) 2016 Single-center, N N 515 ASD (-) None
retrospective
sibling-matched
cohort study

Ing et al. (24) 2021 Single-center, General anesthetics 10 2,868 Intelligence (-) Externalizing
retrospective cohort behaviors
study

Kravets et al. (23) 2022 Single-center, Fluorinated 7 47,977 Intelligence Spelling3
retrospective cohort | anesthetics +)
study

Bleeser et al. (25) 2023 Single-center, Propofol, Sev et al. 2-18 582 executive Working memory
bidirectional function (-) and attention
matched cohort
study

PAE, prenatal anesthetic exposure; ASD, autistic spectrum disorder; ADHD, attention deficit and hyperactivity disorder; N, not mentioned in the text; N> O, nitrous oxide; Iso, isoflurane; Sev,
sevoflurane; externalizing behaviors include impulsivity, aggression, provocation, vandalism, and conduct problems. “+” and “-”, which represent a difference and no difference in the main

outcome, respectively. %Note here that the group with PAE instead spells well, which is not consistent with the direction of the intellectual outcome.

had been exposed to fluorinated anesthetics during pregnancy. This
study showed that prenatal exposure of children to fluorinated
anesthetics was associated with a lower IQ performance in boys
at the age of 7; however, these children had better spelling ability.
The two correlations mentioned above were in opposite direction,
possibly due to the presence of confounding with economic status.
Although the sample size of the study was large, only part of the
population was PAE. Therefore, one is not likely to conclude that
fluorinated anesthetic exposure during pregnancy causes changes
in offspring intelligence (23).

The Raine trial included a total of 2,024 mothers and their
2,868 offspring, and the study collected neurodevelopmental
indicators of children at 10 years of age (24). The results showed
that maternal exposure to general anesthesia during pregnancy
was associated with higher scores of externalizing behaviors
in the offspring at the age of 10, while no differences were
found in other indicators such as intelligence, motor function,
and language. The information on exposure for this study was
actually obtained from questioning and recalling without strictly
taking data from the files and anesthetic sheets. Furthermore,
only 22 children were eventually confirmed to have a history
of antenatal general anesthetic exposure, far fewer than the
1,994 in the control group, which may have resulted in a
greater bias.

The bidirectional cohort study by Bleeser et al. (25) included a
total of 129 children with a history of in utero anesthetic exposure
and 453 controls. They found no significant differences in executive
function scores between the two groups, nor for other secondary
outcomes such as behavioral problems, psychiatric diagnoses, and
learning disabilities. However, differences were found in the two
sub-domains of executive function-working memory and attention,
when the duration of surgery was >1h and it was an intra-
abdominal surgery. From the multivariate model, the effect of

Frontiersin Neurology

PAE on the executive function and behavioral problem scores
were roughly equivalent to the effect of parental educational level,
mother’s age at birth, and family residence (rented/house). This
study, with a more scientific follow-up and estimation of non-
response bias, is the largest bidirectional cohort in the field to
date. It also had a disadvantage in that, PAE was not the only
difference between the two groups. In fact, the vast majority
of pregnant women in the anesthetic exposure group received
anesthesia for surgery and treatment of diseases (such as tumor
surgery or infectious diseases), including possibly CT scans and
chemotherapy. Obviously, these treatments have the potential to
affect the neurodevelopmental outcomes of the offspring. Overall,
for early and middle pregnancy, no significant association was
seen between PAE and intelligence, with only minor differences
found in motor, behavioral and attentional. It is worth noting that
prenatal opioid exposure appeared to be negatively associated with
neurocognitive and physical development from the age of 6 months
to middle childhood (26, 27).

3.2. Regional cohort studies: Late trimester
of pregnancy

Anesthetic exposure in late pregnancy mainly includes labor
analgesia and cesarean anesthesia, which can be unified as
intrapartum anesthesia. Due to the short time between the delivery
and anesthesia, it was thought that they would mainly affect
neonatal respiration and resuscitation and would not be enough
to affect distant neurodevelopment, but there is no evidence to
confirm this point. Based on the gaps in the field, some scholars
have explored the relationship between intrapartum anesthesia
and neurodevelopment in the offspring. Kearns et al. explored
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the association of general vs. spinal/epidural anesthesia cesarean
delivery on developmental outcomes in the first 1,000 days of life
(28). They found that cesarean delivery under general anesthesia
was associated with neonatal resuscitation, low Apgar, and neonatal
hospitalization, but the association with neurodevelopmental test
scores at 2 years of age was weak. This study suggested that,
in the long term, cesarean delivery under general anesthesia
would have little effect on the subsequent development of the
offspring compared to neuraxial anesthesia. The study had a
sample size of 510,000 and the developmental tests used were
non-recognized scales developed within the district, assessing
mainly motor and social skills. An earlier cohort study of
5,230 children showed that children born by cesarean section
had the same incidence of learning disabilities at the age of 5
years compared to normal birth, suggesting that brief perinatal
exposure to anesthetic drugs does not adversely affect long-term
neurodevelopmental outcomes (29). Differently, cesarean delivery
under neuraxial anesthesia appears to reduce the incidence of
learning disabilities compared to normal delivery (no anesthesia)
and general anesthesia group, as the incidence of learning
disabilities was similar in the normal and general anesthesia
groups. The disadvantage was the unevenness between groups
due to the small number of cesarean sections (especially cesarean
sections under general anesthesia), which may affect the results of
the study.

The technology of epidural labor analgesia is quite mature,
but there is still a need to increase its popularity. A sibling-
matched cohort of over 80,000 children led by Tai Ren
et al. (30) showed no association between maternal epidural
labor analgesia and specific neurodevelopmental disorders,
such as autism and autism spectrum disorders, attention
deficit
epilepsy, in the offspring. A large sample size and the use of

hyperactivity ~ disorder, intellectual disability, and
sibling matching in this study provided favorable evidence
to support the continued strong promotion of epidural

labor analgesia.

3.3. Other factors affecting
neurodevelopment in offspring

The time span between intrauterine exposure and the onset
of developmental outcomes varies over several years, which
allows confounding factors to come into play. Figure I and
Table 2 summarize many common potential confounding factors,
some of which are well recognized or have been specifically
studied in recent years to explore their relationship with
neurodevelopmental outcomes in children. For example, some
studies found that both eating disorders and anemia during
pregnancy were associated with an increased risk of autistic
spectrum disorder (ASD) and attention deficit and hyperactivity
disorder (ADHD) and that anemia was also associated with
intellectual disability (ID) (31, 32). A series of studies shows that
cesarean delivery is associated with an increased risk of ASD
and ADHD in the offspring (33-35). Other findings include the
association between a history of childhood pediatric intensive
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care unit (PICU) admission and later psychological disorders
(36) and the association between early and excessive exposure
to electronic devices (such as pads) and lower intelligence scores
(37, 38). Information on these variables should be collected in
future studies.

It has been reported that the effect values for anesthesia
are even smaller than those for other factors such as
demographics (25). It is not difficult to understand how a
childs good postnatal upbringing may offset a single, small
exposure to prenatal anesthesia. Confounding factors are
an inevitable problem in such studies. Therefore, collecting
relevant indicators in detail and controlling confounding
benefit

prenatal anesthetic exposure on the neurodevelopment of

factors  will researchers who perform studies of

the offspring.

4. Methods of assessing
neurodevelopment in offspring

Neurodevelopment in offspring is a vast and complex
field involving pediatric and psychiatric mental health science.
According to the Diagnostic and Statistical Manual of Mental
Disorders-Edition 5 (DSM-5) in the USA, neurodevelopmental
disorders (NDDs) mainly include: [1] autistic spectrum
disorder (ASD); [2] attention deficit and hyperactivity disorder
(ADHD); [3] learning disability (LD); [4] developmental
speech or language disorder; [5] developmental co-ordination
disorder (DCD); [6] intellectual disability (ID); [7] behavioral
disorder; and [8] any NDD (the presence of any of the specific
disorders 1-7). As can be observed, intelligence, although a
major concern for the general public, is only one branch of
neurodevelopmental assessment.

Diagnosing NDD is not easy. When using a medical record
system or health insurance database to retrieve diagnostic
information, the diagnosis was made in the past by a specialist
doctor and scrutinized by the insurance company staff (39).
However, when no database is available, the researchers are
required to use specialized questionnaires and scales to screen
and initially diagnose the study participants in the corresponding
areas. For example, in the area of intelligence, the following
scales are available: the Wechsler Intelligence Scale for Preschool
and Elementary School Children (version of WPPSI) is used to
screen preschool children for general intelligence (40); the Raven
Colored Progressive Matrices (CPM) are used to assess non-verbal
intelligence such as visual and reasoning (24); and the Bailey Scale
focuses on assessing intelligence in terms of motor and behavioral
responses (41). Similarly, for each sub-domain of NDD, there are
relevant assessment methods, such as the CBCL questionnaire
and the Conners questionnaire to screen for conduct disorder,
the Swanson, Nolan and Pelham-IV rating scales (SNAP-IV
questionnaire) to screen for attention deficit hyperactivity disorder
(ADHD), and the Autism Behavior Checklist (ABC questionnaire)
to screen for autism and ASD. Most of the abovementioned
questionnaires and scales are completed by parents. Although
being subjective, parental assessments are uniquely valuable in
the detection of psychiatric problems in children (42). Depending
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Maternal exposure to anesthesia and surgery during pregnancy may affect the neurodevelopment of the offspring. However, there are many
influencing factors to consider ranging from intrauterine exposure to the offspring tests. Figure created with BioRender.com.
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TABLE 2 Potential confounding factors of neurodevelopment in offspring.

Covariates types Specific items

Maternal comorbidities

Gestational Hypertension, Diabetes mellitus, Hypothyroidism, Epilepsy, Psychiatric disorders, Cardiopulmonary
disorders, Anemia (31), Infections, eating disorders (32), etc.

Maternal treatment and therapy

Tonizing radiation, analgesics, antidepressants (39), Anti-tumor drugs

Maternal substances abuse

Alcohol, tobacco, drugs, and their substitutions

Demographic information

Education level and marital status of caretakers, ethnicity, economic level, geographical origin, family conditions

History of birth and disease treatment for offspring

Sex, gestational age, birth weight, delivery by cesarean section (33-35), history of intrauterine distress, history of
childhood illness after birth, history of PICU admission (36)

Age and educational background

Children’s age at tests, left-behind child, educational condition, screen time on electronics (37, 38)

PICU, pediatric intensive care unit.

on the number of questions, questionnaires generally take
between a few minutes and an hour to complete and can be
completed either online or face-to-face. For some scales that
require an observation of children’s language, movement, and
responses, a face-to-face assessment with scoring by the researcher
is necessary. As the most convenient option for researchers,
questionnaires and scales are important methods to quantify
neurodevelopmental outcomes. Furthermore, understanding the
range of applications and choosing scales appropriately can
help assess children’s neurodevelopmental status as accurately
as possible.

Frontiersin Neurology

5. Conclusion

In summary, preclinical animal research has demonstrated
that in utero anesthetic exposure can lead to morphological
changes in the central nervous system, as well as behavioral
changes and impaired learning memory capacity in experimental
animals. In clinical trials, while no effects of exposure to
anesthesia during pregnancy have been found on the intelligence
of offspring, minor differences have been found in other areas
of neurodevelopment, especially in minor sub-domains such as
abnormal behavior and attention. Since much of the clinical
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evidence comes from cohort studies with numerous confounding
factors, future studies should therefore improve the overall
cohort quality by enhancing data accuracy and controlling
confounding bias.
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