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Abstract:

Pregnancy is a period of profound physiological and anatomical changes in a woman's body, and it often
raises complex challenges when non-obstetric surgeries are required. This comprehensive review explores
the multifaceted considerations surrounding the administration of anesthesia during non-obstetric surgical
procedures in pregnant individuals. It examines the incidence of such surgeries, the principles of anesthetic
management, teratogenicity concerns, and the implications for maternal and fetal health. Additionally, it
delves into the controversial topic of whether anesthesia during pregnancy, particularly in the mid-
trimester, affects fetal neurodevelopment. The review concludes by emphasizing the importance of
informed decision-making, multidisciplinary collaboration, and future research to ensure the well-being
of both mother and fetus.

Introduction:

Pregnancy is a unique physiological state that presents numerous challenges when non-obstetric surgical
procedures are required

1. These challenges necessitate a delicate balance between ensuring the safety of the pregnant woman and
safeguarding the optimal development of the fetus. This comprehensive review aims to explore the
multifaceted aspects of anesthesia administration during non-obstetric surgical procedures in pregnant
individuals. It encompasses various critical factors, including the incidence of such surgeries?, the
fundamental principles guiding anesthetic management, concerns related to teratogenicity®, and the
potential consequences for both maternal and fetal health®. Furthermore, this review scrutinizes the
contentious issue of whether anesthesia administration during pregnancy, particularly during the mid-
trimester, impacts fetal neurodevelopment. The ultimate goal is to provide a comprehensive understanding
of this complex topic, emphasizing the need for informed decision-making, interdisciplinary collaboration,
and avenues for future research to ensure the well-being of both the mother and the fetus.

Incidence of Non-Obstetric Surgery During Pregnancy: The need for non-obstetric surgical procedures
during pregnancy is not uncommon, and it can arise due to various medical conditions. These situations
necessitate careful evaluation and management to ensure the best outcomes for both the pregnant woman
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and her developing fetus. Understanding the incidence and timing of such surgeries is essential in guiding
clinical decisions.

Approximately 1-2% of pregnant women may require non-obstetric surgery during their gestation period®.
Common indications for these surgeries include conditions such as appendicitis, ovarian disorders, trauma,
and other medical emergencies. The incidence of non-obstetric surgeries during pregnancy can vary across
trimesters, with the highest occurrence observed in the first trimester, followed by the second and third
trimesters®. Some cases, such as neurosurgical interventions or intensive care admissions, present unique
challenges and require specialized considerations in terms of anesthetic management.

Principles of Anesthetic Management: Anesthetic management during pregnancy is a complex task that
necessitates a deep understanding of the physiological changes and pharmacological adaptations specific
to this condition. The overarching goal is to ensure the safety of the pregnant woman while also addressing
the surgical requirements and preserving fetal well-being. This section outlines the fundamental principles
that guide anesthetic management during non-obstetric surgical procedures in pregnant individuals.
Maternal Safety: Ensuring the safety of the pregnant woman is paramount in any surgical procedure.
Regardless of the trimester, pregnant women should not be denied necessary surgeries when indicated.
The choice of anesthetic techniques and drugs should be tailored to the maternal surgical indications and
the specific location of the procedure®. Additionally, adherence to resuscitation protocols, including
advanced life support or advanced trauma life support, is crucial. Special considerations such as the use
of a left lateral tilt to prevent supine hypotension’, rapid-sequence intravenous induction, and meticulous
pre-oxygenation are vital components of maternal safety during anesthesia administration.

Fetal Safety: Administering anesthesia during pregnancy introduces the potential for drug exposure to the
developing fetus. Several factors, including drug properties, dose, timing, and route of administration, can
influence the extent of fetal exposure. Understanding the placental transfer characteristics of different
drugs is essential in assessing potential fetal risks. It is worth noting that while no anesthesia drug has
been conclusively proven to be hazardous to the human fetus, concerns about teratogenicity persist.
Teratogenicity: Teratogens are substances capable of increasing the incidence of specific fetal defects.
Anesthesia agents must be carefully evaluated for their teratogenic potential, taking into consideration
background congenital anomaly rates, physiological changes during pregnancy, and the timing of drug
exposure throughout gestation. Research has suggested that major congenital malformations are more
likely to occur during the early stages of pregnancy, particularly between 2 weeks and 2 months of
gestation. Notably, the FDA has revised its pregnancy risk categories for anesthesia agents, prompting the
need for a nuanced approach to assessing teratogenicity concerns.

General Principles of Anesthesia Management: The pre-operative evaluation of pregnant patients should
closely align with the assessment conducted for non-pregnant individuals. However, it must include a
consideration of specific risks associated with pregnancy, such as the potential for aspiration®, difficulty
with intubation, thromboembolic events, and fetal well-being. Various prophylactic measures, including
aspiration prophylaxis, antibiotic prophylaxis, prophylactic glucocorticoids, and thromboprophylaxis,
should be tailored to the patient's condition and the nature of the surgical procedure. Proper positioning of
pregnant patients, particularly beyond 18-20 weeks of gestation, is essential to prevent aortocaval
compression.

Conduct of Anesthesia: The choice between regional anesthesia and general anesthesia should be made
based on the specific requirements of the surgical procedure and considerations for maternal and fetal
safety. Regional anesthesia offers advantages in terms of minimizing fetal exposure to potential teratogens
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and reducing the risk of failed intubation and aspiration. However, there are instances where general

anesthesia remains the preferred option. Different anesthetic agents may impact uterine contractility

differently, potentially influencing the occurrence of preterm contractions®. Continuous monitoring of

maternal hemodynamics, oxygenation, and fetal responses is essential throughout the anesthesia and

surgical procedures to ensure the well-being of both mother and fetus.

Clinical Pearls: In the realm of non-obstetric surgery during pregnancy, several clinical pearls should guide

decision-making and management. These insights are valuable for healthcare professionals involved in

the care of pregnant individuals undergoing surgical procedures:

1. Pregnancy testing should be offered to all women of childbearing potential before surgery to ensure
early detection and appropriate management.

2. Hemodynamic goals should take precedence over the specific type of fluid used for resuscitation, with
careful attention to maternal blood pressure®®.

3. Laparoscopic surgery is considered a safe option during pregnancy and offers advantages such as
smaller incisions and faster recovery®?,

4. Trauma during pregnancy necessitates prompt maternal resuscitation, with the consideration of
cesarean section in life-threatening situations.

5. Neurosurgery during pregnancy poses unique challenges, particularly regarding patient positioning
and anesthesia management*?.

6. Cardiac surgery involving cardiopulmonary bypass can significantly impact uteroplacental circulation,
requiring careful consideration of inotropic or vasoactive drug choices.

7. Ex-utero intrapartum treatment (EXIT) procedures, which involve securing the fetal airway while
maintaining gas exchange through the placenta, can be performed using various anesthetic techniques.

8. General anesthesia during pregnancy, particularly during the mid-trimester, has generated concerns
due to potential adverse effects on fetal neurodevelopment®?,

Fetal Neurodevelopment and Anesthesia: The potential influence of anesthesia exposure on fetal

neurodevelopment, particularly during the mid-trimester, has been a topic of significant interest and

debate. This section delves into the complexities of this issue, exploring the relevant research findings,

animal studies, and clinical implications.

Development of the Fetal Nervous System: Understanding the development of the fetal nervous system is

crucial in assessing the potential impact of anesthesia exposure. Fetal neurodevelopment involves a highly

orchestrated process encompassing neural stem cell proliferation, differentiation, neuronal migration, and

synaptic formation*. Importantly, the timing and stages of neurodevelopment differ between humans and

animals, emphasizing the need to focus on the mid-trimester, which includes critical periods of

neurogenesis and neuronal migration.

Clinical Studies and Animal Studies: Animal studies have raised concerns about the neurotoxic effects of

anesthetics on the developing fetal brain. These studies have demonstrated neurodegenerative changes and

alterations in learning abilities following exposure to anesthesia agents. In response to these findings, the

FDA issued a warning in 2017 regarding the potential neurotoxicity of anesthetics, particularly when

administered during late pregnancy and to young children.

However, clinical studies investigating the effects of anesthesia exposure on human fetuses have produced

mixed and inconclusive results. The presence of confounding variables, ethical considerations, and the

complexity of assessing neurodevelopmental outcomes in human infants have contributed to the ongoing

debate.
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Mid-Trimester and Anesthesia: The second trimester of pregnancy is generally considered relatively safe
for surgical procedures. However, it coincides with a critical period of accelerated neurogenesis and
neuronal migration in the fetal brain®. Animal studies have indicated that anesthesia exposure during this
stage can lead to neuroinflammation, apoptosis, synaptic loss, and potential cognitive deficits in offspring.
These findings have sparked concerns about the safety of anesthesia administration, particularly in the
mid-trimester.
Duration of Anesthesia, Frequency of Anesthesia, and Concentration of Anesthetic: The duration,
frequency, and concentration of anesthesia exposure are critical factors influencing its potential effects on
fetal neurodevelopment. Prolonged exposure to high concentrations of anesthetics may pose a greater
risk'®. Additionally, multiple exposures to anesthesia may have cumulative detrimental effects on fetal
brain development. These considerations underscore the need for caution and informed decision-making
when anesthesia is required during pregnancy.

Pain Management: Pain management during surgery is a vital aspect of perioperative care. While the

effects of pain on fetal neurodevelopment are not fully understood, it is crucial to effectively manage pain

to prevent premature delivery and mitigate potential risks to both the mother and the fetus.

Consensus and Clinical Advice: Despite the ongoing debate and conflicting evidence surrounding the

impact of anesthesia on fetal neurodevelopment, certain consensus-based recommendations can guide

clinical practice. These recommendations prioritize the safety and well-being of both the pregnant patient
and the developing fetus:

1. Elective surgery during pregnancy should be avoided whenever feasible, and regional anesthesia
should be the preferred choice for maternal interventions when appropriate?’.

2. In cases where general anesthesia is deemed necessary, efforts should be made to minimize the
duration of exposure and utilize lower concentrations of anesthetic agents, especially during the mid-
trimester.

3. Close collaboration among multidisciplinary healthcare teams, including obstetricians,
anesthesiologists, and surgeons, is essential to ensure the comprehensive care of pregnant patients
requiring non-obstetric surgery?®.

Expectations and Future Research: The topic of anesthesia during pregnancy, particularly its potential

effects on fetal neurodevelopment, remains a subject of ongoing research and debate. As medical

knowledge continues to evolve, several expectations and areas of future research can be identified:

1. Future research should prioritize the development of safer anesthesia techniques and strategies that
effectively balance maternal and fetal safety. Multicenter randomized controlled trials are needed to
provide authoritative conclusions based on robust scientific evidence.

2. In-depth animal experiments should be conducted to further elucidate the potential mechanisms and
long-term consequences of anesthesia exposure on fetal neurodevelopment?®.

3. Collaborative efforts between researchers, clinicians, and regulatory agencies are essential to establish
comprehensive guidelines and recommendations for the administration of anesthesia during
pregnancy?°.

Summary:
Anesthesia administration during non-obstetric surgical procedures in pregnant individuals is a complex
and multifaceted field that requires careful consideration of maternal and fetal safety. This comprehensive
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review has explored various aspects of this topic, including the incidence of non-obstetric surgeries during
pregnancy, the fundamental principles of anesthetic management, concerns related to teratogenicity, and
the potential impact on fetal neurodevelopment.

While concerns and controversies exist, current research has not definitively established anesthesia as a
significant risk factor for adverse fetal neurodevelopment. Nevertheless, it underscores the importance of
shared decision-making between healthcare providers and pregnant patients, where the benefits of
necessary surgery must be carefully weighed against potential risks. Furthermore, interdisciplinary
collaboration among healthcare teams, including obstetricians, anesthesiologists, and surgeons, is
paramount to ensure comprehensive and individualized care for pregnant patients requiring non-obstetric
surgery.

As the field continues to evolve, future research endeavors should focus on refining our understanding of
this complex topic, developing safer anesthesia techniques, and providing evidence-based guidelines to
optimize the care and outcomes of pregnant individuals and their developing fetuses. Ultimately, this
review emphasizes the importance of a cautious and informed approach to anesthesia administration
during pregnancy, with unwavering commitment to the well-being of both the mother and the fetus.
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