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Abstract

Advancements in medical science have paved the way for unprecedented interventions within the realm of intrauterine and 
fetal surgery. This review explores the pivotal role of anesthesia in these intricate procedures, delving into the nuances of 
anaesthetic techniques, challenges, and advancements. Fetal surgery involves medical interventions performed on a developing 
foetus while it is still in the womb. The types of fetal surgery can vary based on the medical condition or anomaly being 
addressed. The review delineates the primary objectives of this comprehensive analysis: to elucidate the evolving landscape of 
anesthesia for intrauterine and fetal surgery, to present an overview of established and innovative anesthesia modalities, and 
to underscore the collaboration between multidisciplinary teams in achieving successful outcomes. Additionally, the review 
provides a comprehensive analysis of established and emerging anesthesia methods utilized in fetal surgery. It examines the 
delicate balance between maternal comfort and fetal well-being, discussing the challenges associated with achieving optimal 
uterine relaxation and fetal immobility.
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Introduction

Fetal surgery stands as a remarkable testament to the 
remarkable progress achieved at the intersection of medical 
science, technological innovation, and human compassion. 
In the realm of modern medicine, where advancements 
have redefined the boundaries of possibility, the concept 
of intervening within the womb to address anomalies or 
conditions affecting a developing foetus has emerged as a 

compelling frontier [1]. The title “Surgery on the Unborn: 
Anesthesia for Intrauterine and Fetal Surgery – A Review” 
encapsulates the convergence of two critical aspects: the 
delicate art of administering anesthesia to the unborn and 
the intricate world of surgical procedures conducted within 
the confines of the maternal womb [2].

The journey from conception to birth is a profound one, 
marked by a cascade of intricate processes that ultimately 
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yield the miracle of life. However, this journey is not without 
its challenges, as the developing foetus can sometimes 
encounter developmental anomalies or medical conditions 
that require prompt and sophisticated medical intervention 
[3]. It is within this context that fetal surgery emerges, 
offering a lifeline to those foetuses whose health and well-
being can be enhanced through timely intervention [4]. 
While the scope of fetal surgeries is vast and diverse, the 
administration of anesthesia to the unborn, an essential 
aspect of these procedures, introduces a unique and complex 
dimension to medical practice [5].

The application of anesthesia to the foetus demands a 
careful balance between the well-being of the developing life 
and the comfort of the expectant mother. Unlike conventional 
anesthesia procedures for adults, the considerations for the 
unborn entail navigating the intricate interplay of maternal 
physiology, fetal responses, and the ever-present need for 
precise, well-controlled sedation [6]. Ensuring maternal 
relaxation and analgesia while safeguarding the delicate 
fetal environment calls for a distinct set of approaches 
and protocols. These protocols must not only address the 
inherent differences in fetal physiology but also adapt to the 
dynamic changes that occur during gestation [7].

The profound significance of anesthesia in the realm 
of fetal surgery cannot be overstated. Its role extends 
beyond the immediate surgical procedure, as it directly 
influences the well-being of both the mother and the foetus 
[8]. The administration of anesthesia must account for 
maternal comfort, pain management, and the potential 
impact on maternal-fetal circulation, all while maintaining 
a stable fetal environment. This intricate dance requires 
anesthesia providers to harness their expertise and adapt 
their approaches to the unique challenges presented by the 
intrauterine setting [9]. Furthermore, the evolving landscape 
of medical technologies, imaging modalities, and monitoring 
techniques has enriched the armamentarium available to 
anesthesia providers in the context of fetal surgery. These 
innovations not only facilitate the precise administration of 
anesthesia but also enable real-time assessment of maternal 
and fetal responses, ensuring the highest levels of safety and 
efficacy [10]. As the fields of maternal-fetal medicine, surgery, 
and anesthesia continue to advance, the collaborative effort 
among multidisciplinary teams becomes increasingly 
pivotal. Obstetricians, fetal surgeons, anesthesiologists, 
neonatologists, and numerous other specialists join forces to 
craft individualized treatment plans that prioritize the health 
and future of both mother and foetus [11]. This collaborative 
approach reflects the intricate web of care that surrounds 
fetal interventions, encapsulating the holistic perspective 
required to navigate the complexities of the intrauterine 
environment [12].

In this review, we embark on an exploration of the 
captivating realm where anesthesia and fetal surgery 
converge. Through a lens that merges medical expertise, 
technological innovation, and the human spirit’s resilience, 
we endeavour to uncover the nuances, challenges, and 
triumphs that characterize the administration of anesthesia 
for intrauterine and fetal surgical procedures [13]. As the 
fields continue to evolve, this review seeks to contribute to 
the ongoing dialogue that shapes the landscape of medical 
care for the most vulnerable of patients.

Anesthesia for Fetal Surgeries

Anesthesia for fetal surgeries is a critical aspect of these 
procedures. The anesthesia team’s primary goal is to ensure 
the well-being of both the mother and the fetus throughout 
the surgery.

Maternal Anesthesia

•	 Type of Anesthesia: Generally, regional anesthesia (e.g., 
epidural or spinal anesthesia) is preferred over general 
anesthesia whenever possible. This allows the mother to 
remain awake and conscious during the surgery. General 
anesthesia may be used in specific cases where regional 
anesthesia is contraindicated or not feasible.

•	 Monitoring: The mother’s vital signs (heart rate, blood 
pressure, oxygen saturation) are closely monitored 
throughout the procedure.

•	 Positioning: The mother’s positioning may be adjusted 
to optimize surgical access and comfort.

•	 Ultrasound Guidance: Real-time ultrasound imaging 
is often used to guide the surgical team during the 
procedure.

•	 Fetal Heart Rate Monitoring: Continuous monitoring of 
the fetus’s heart rate helps assess fetal well-being.

Intraoperative Considerations

•	 Avoiding Hypotension: Anesthesia is carefully 
administered to avoid drops in blood pressure, which 
can impact blood flow to the fetus.

•	 Maintaining Uteroplacental Perfusion: Adequate 
oxygenation and blood flow to the placenta are crucial 
for fetal well-being.

Fetal Anesthesia

•	 Analgesia or Paralysis: Depending on the specific 
procedure, the fetus may receive analgesia (pain relief) 
or even be temporarily paralyzed to prevent movement 
that could interfere with the surgery.

•	 Recovery: After the surgery, the mother is monitored in 
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a recovery area. If general anesthesia was used, she’ll be 
monitored until she’s fully awake.

The Common Fetal Surgeries

Fetal surgery involves medical interventions performed 
on a developing fetus while it is still in the womb. The types 
of fetal surgery can vary based on the medical condition or 
anomaly being addressed. Here are some common types of 
fetal surgery:
•	 Open Fetal Surgery: This involves creating an incision 

in the mother’s abdomen and uterus to directly access 
the foetus [14]. It is typically performed for conditions 
that require extensive surgical intervention. Examples 
include.

•	 Myelomeningocele Repair: Corrects neural tube defects 
like spina bifida.

•	 Congenital Diaphragmatic Hernia Repair: Addresses a 
hole in the diaphragm that allows abdominal organs to 
move into the chest cavity, compressing the lungs [15].

•	 Minimally Invasive Fetal Surgery: Also known as 
fetoscopic surgery, this approach uses small incisions 
and specialized instruments to minimize damage to the 
uterus. Procedures are often guided by ultrasound or 
endoscopy. Examples include:

•	 Twin-to-Twin Transfusion Syndrome (TTTS) Laser 
Ablation: Corrects imbalanced blood flow between twins 
sharing a placenta [16].

•	 Selective Fetoscopic Laser Photocoagulation: Treats 
twin pregnancies with twin-twin transfusion syndrome 
by sealing blood vessels on the shared placenta.

•	 Fetal Shunting Procedures: These procedures involve 
placing shunts inside the fetus to manage fluid buildup 
or imbalances. Examples include.

•	 Vesicoamniotic Shunt: Treats urinary tract obstructions 
by diverting excess urine away from the bladder to the 
amniotic sac [17].

•	 Thoracoamniotic Shunt: Manages pleural effusions by 
draining fluid from the chest cavity to the amniotic sac.

•	 Fetal Tumor Resection: Surgery to remove tumors or 
masses in the foetus [18]. For instance:

•	 Sacrococcygeal Teratoma Resection: Addresses tumors 
arising from the base of the tailbone.

•	 Fetal Heart Procedures: Surgical interventions to treat 
congenital heart defects, such as:

•	 Balloon Atrial Septostomy: Enlarges an opening between 
the heart’s atria to improve blood circulation.

•	 Fetal Aortic Valvuloplasty: Opens a narrowed aortic 
valve to restore normal blood flow.

•	 Stem Cell and Gene Therapy: These experimental 
approaches involve introducing stem cells or genetic 
material into the foetus to treat genetic disorders or 
promote tissue healing.

It’s important to note that fetal surgery is complex 
and requires a multidisciplinary team of medical experts, 
including fetal surgeons, maternal-fetal medicine specialists, 
neonatologists, anesthesiologists, and more. The decision 
to pursue fetal surgery depends on the specific medical 
condition, the gestational age of the foetus, potential risks, 
and anticipated benefits.

Consent Related to Anesthesia and Fetal 
Surgeries

Consent in the realm of fetal surgeries is a pivotal 
ethical and legal component that underscores the intricate 
balance between the well-being of the expectant mother, the 
developing fetus, and the medical team [19]. The dynamic 
nature of fetal surgery and the unique considerations it 
entails necessitate a comprehensive approach to obtaining 
informed consent. This process not only respects the 
autonomy of the mother but also acknowledges the potential 
implications for the unborn life, making it a complex and 
sensitive undertaking [20].

Obtaining informed consent for fetal surgery involves 
several distinct aspects:
•	 Comprehensive Information: Due to the specialized 

nature of fetal surgeries and their potential implications, 
a thorough and transparent explanation of the procedure, 
potential risks, benefits, and alternatives is essential 
[21]. The expectant mother should be provided with 
detailed information regarding the surgical procedure 
itself, the role of anesthesia, potential impact on both her 
health and the foetus, and the anticipated outcomes [22].

•	 Maternal Considerations: In the context of anesthesia for 
fetal surgery, the consent process includes discussions 
about the administration of anesthesia, its effects on the 
mother, and the implications for her comfort and well-
being during and after the procedure. This extends to the 
potential risks and benefits associated with anesthesia 
drugs and their potential impact on the foetus [23].

•	 Fetal Implications: Given the direct effects of anesthesia 
on the fetus, it’s crucial to discuss potential fetal 
responses, the monitoring methods used to assess the 
fetus during surgery, and the anticipated short- and 
long-term effects on fetal development. The mother 
should be informed about potential risks to the fetus, 
including those related to anesthesia medications and 
physiological changes [24].

•	 Alternatives and Options: Informed consent mandates 
presenting alternatives to the proposed procedure 
and anesthesia, including non-surgical or non-invasive 
options, and outlining the potential benefits and risks 
of each. This empowers the expectant mother to make 
a well-informed decision that aligns with her values and 
medical circumstances.
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•	 Multidisciplinary Communication: Fetal surgeries 
involve collaboration among obstetricians, fetal 
surgeons, anesthesiologists, and other medical 
specialists. Consent discussions should reflect this 
multidisciplinary approach, ensuring that the mother 
receives a comprehensive and unified understanding of 
the procedure, anesthesia considerations, and potential 
outcomes [25].

•	 Time for Reflection: Given the complexity of fetal 
surgeries, mothers should be given sufficient time to 
reflect on the information provided and to seek additional 
opinions if desired. Decisions about fetal surgeries often 
carry emotional and moral weight, and mothers should 
not feel rushed into making a choice.

•	 Legal and Ethical Considerations: Consent procedures 
may differ based on local laws, regulations, and 
institutional policies. It’s vital to adhere to ethical 
guidelines that prioritize patient autonomy, beneficence, 
and the principle of doing no harm [26].

In essence, the informed consent process for fetal 
surgeries involving anesthesia goes beyond conventional 
medical procedures due to the dual responsibility of 
considering both the mother and the unborn child [27]. 
Open and empathetic communication between the medical 
team and the expectant mother is pivotal in fostering trust, 
facilitating understanding, and ensuring that decisions made 
are well-informed and aligned with the best interests of both 
lives involved.

The Goals of Anesthesiologist During Fetal 
Surgeries

Anesthesiologists play a critical role during fetal 
surgeries, ensuring the safety and well-being of both the 
expectant mother and the developing foetus. The goals of an 
anesthesiologist during fetal surgeries are multifaceted and 
encompass a range of considerations that reflect the unique 
challenges posed by the intrauterine environment and the 
delicate physiology of both patients [28]. These goals include:
•	 Maternal comfort and safety: Anesthesiologists aim to 

provide effective pain management and comfort to the 
expectant mother throughout the surgical procedure. 
This involves selecting appropriate anesthesia techniques 
that ensure the mother remains sedated, pain-free, and 
comfortable, while minimizing any potential risks [29].

•	 Maintaining fetal stability: The primary consideration 
for anesthesiologists is maintaining a stable intrauterine 
environment for the foetus. Anesthesia medications 
and techniques are chosen to minimize their impact 
on fetal physiology, including cardiovascular function 
and oxygenation. Close monitoring of fetal heart rate 
and other vital signs is essential to detect any changes 
promptly [30].

•	 Uterine relaxation: Many fetal surgeries require a relaxed 
uterus to facilitate the procedure. Anesthesiologists 
work to achieve and maintain uterine relaxation through 
appropriate anesthesia agents, which can aid the fetal 
surgeon’s access and manipulation while ensuring the 
safety of both mother and foetus.

•	 Minimizing fetal anaesthetic exposure: Anesthesiologists 
aim to minimize the fetal exposure to anesthesia drugs 
by carefully selecting medications and techniques that 
have minimal transfer across the placenta. This reduces 
the potential impact on the developing fetus.

•	 Balancing maternal and fetal circulation: The 
administration of anesthesia can affect maternal 
cardiovascular function, which in turn can impact 
uteroplacental circulation and fetal oxygenation. 
Anesthesiologists strive to maintain an optimal balance 
between maternal and fetal circulation to ensure 
adequate oxygen and nutrient supply to the foetus.

•	 Monitoring and assessment: Continuous monitoring of 
maternal vital signs and fetal heart rate is a crucial aspect 
of the anaesthesiologist’s role. Real-time assessment 
helps detect any changes in maternal or fetal conditions 
promptly, allowing for timely intervention if necessary.

•	 Collaboration with surgical team: Anesthesiologists 
collaborate closely with the surgical team to ensure 
synchronization between anesthesia administration and 
the surgeon’s needs. This involves adjusting anesthesia 
depth, muscle relaxation, and other factors to facilitate 
the surgical procedure.

•	 Emergency preparedness: Anesthesiologists are trained 
to handle emergencies that might arise during surgery. 
This includes having a thorough understanding of 
potential complications, such as maternal hemorrhage 
or fetal distress, and being prepared to intervene swiftly 
and appropriately.

•	 Postoperative care: Anesthesiologists continue to 
monitor the mother’s vital signs and recovery after 
surgery, ensuring a smooth transition from the 
intraoperative phase to the postoperative recovery 
period [31].

•	 Ethical and informed decision-making: Anesthesiologists 
contribute to the informed consent process by explaining 
anesthesia options, potential risks, and benefits to the 
expectant mother. They play a role in ensuring that the 
mother fully understands the anesthesia plan and its 
implications for both her and the foetus.

The Maternal and Fetal Complications

Fetal surgeries are complex and delicate procedures 
that carry inherent risks for both the expectant mother 
and the developing fetus. Despite advancements in medical 
technology and techniques, there are potential complications 
that can arise during and after fetal surgeries [32]. These 
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complications can vary depending on the specific procedure, 
the underlying medical condition, and the overall health 
of the mother and fetus. Here are some maternal and fetal 
complications that can occur.

Maternal Complications

•	 Maternal Hemorrhage: Invasive fetal surgeries can pose 
a risk of bleeding within the maternal womb, which can 
lead to significant maternal blood loss and potential 
instability.

•	 Infection: Any surgical procedure carries a risk of 
infection, which, in the case of fetal surgery, can impact 
both the mother and the developing foetus.

•	 Anesthesia-related Complications: The administration 
of anesthesia introduces potential risks such as allergic 
reactions, respiratory complications, or adverse effects 
on maternal cardiovascular function.

•	 Uterine rupture: Open fetal surgery techniques that 
involve incisions in the uterus can increase the risk of 
uterine rupture, potentially endangering the mother’s 
life and requiring emergency intervention.

•	 Premature labor: Fetal surgery can trigger premature 
labor, leading to preterm birth and its associated 
complications for both the mother and the foetus.

•	 Chorioamnionitis: Surgical interventions can increase 
the risk of inflammation of the fetal membranes 
(chorioamnionitis), which can lead to maternal fever 
and other complications.

Fetal Complications 

•	 Preterm birth: Fetal surgeries, particularly those that 
involve opening the amniotic sac, can lead to premature 
rupture of membranes and subsequent preterm birth 
[33].

•	 Fetal distress: The stress of surgery can lead to changes 
in fetal heart rate, indicating fetal distress, which might 
necessitate intervention or early delivery.

•	 Placental insufficiency: Surgical manipulation or 
anesthesia can affect blood flow to the placenta, 
potentially leading to reduced oxygen and nutrient 
supply to the foetus.

•	 Fetal injury: Despite meticulous surgical techniques, 
there is a risk of unintentional injury to the foetus during 
surgery, which can result in immediate or delayed 
complications.

•	 Limb compression: Positioning and manipulation during 
surgery can lead to compression of fetal limbs, potentially 
causing temporary or permanent nerve damage.

•	 Amniotic fluid leakage: Surgical interventions can lead 
to amniotic fluid leakage, which might result in reduced 
cushioning for the foetus and potential complications.

•	 Infection: Fetal surgeries introduce the risk of infection 

that can affect the foetus directly, leading to adverse 
outcomes.

The Future of Fetal Surgeries Using Artificial 
Intelligence

The integration of Artificial Intelligence (AI) into the 
domain of fetal surgery represents a profound intersection 
of cutting-edge technology and intricate medical practice. 
Fetal surgery, a field that has evolved to address anomalies 
and conditions within the womb, is now experiencing a 
transformative shift as AI innovations offer the potential to 
enhance surgical precision, optimize decision-making, and 
augment the care provided to both expectant mothers and 
developing foetuses [34].

The journey to fetal surgery’s current state has been 
marked by remarkable medical advancements and an ongoing 
commitment to improving outcomes for the most vulnerable 
patients - the unborn. The introduction of AI into this realm 
is a natural progression, aligning with the broader trajectory 
of AI’s integration into various healthcare disciplines. This 
synergy has the potential to revolutionize the landscape 
of fetal surgery by leveraging AI’s computational power, 
pattern recognition capabilities, and data-driven insights to 
overcome challenges and refine procedural methodologies. 
AI’s application in fetal surgery spans multiple dimensions, 
each contributing to the field’s evolution:
•	 Enhanced imaging and diagnostics: AI-powered image 

analysis techniques enable more detailed and accurate 
assessments of fetal anatomy and anomalies through 
techniques such as fetal MRI and ultrasound. This aids 
in preoperative planning, helping surgeons anticipate 
challenges and tailor surgical approaches.

•	 Predictive modelling: AI algorithms analyze vast 
amounts of historical data to predict surgical outcomes 
and potential complications. Such insights empower 
medical teams to make informed decisions and offer 
expectant parents clearer prognostic information.

•	 Robotic assistance: Robotics and AI enable the 
development of minimally invasive surgical techniques, 
enhancing precision and reducing invasiveness. Robotic-
assisted procedures can minimize fetal trauma and 
maternal discomfort, furthering the advancement of less 
invasive approaches.

•	 Real-time monitoring and intervention: AI-driven 
monitoring systems provide real-time feedback on 
maternal and fetal physiological parameters during 
surgery. This helps anesthesiologists and surgical teams 
make swift adjustments to ensure the well-being of both 
patients.

•	 Data-driven insights: AI’s ability to process and analyze 
vast amounts of data supports the identification of trends 
and patterns that can inform surgical strategies, refine 
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anesthesia protocols, and drive research initiatives.
•	 Personalized treatment: AI algorithms can assist in 

tailoring surgical approaches and anesthesia protocols 
to the unique characteristics of each patient, taking into 
account factors such as maternal health, fetal condition, 
and procedural requirements.

•	 Training and simulation: AI-based simulators offer a 
platform for medical professionals to practice and refine 
surgical techniques in a risk-free virtual environment, 
enhancing their skills and confidence [35,36].

•	 The integration of AI into fetal surgery is not without 
challenges, including data privacy concerns, the need for 
robust validation of AI algorithms, and the preservation 
of the human touch in medical decision-making. 
Nevertheless, the potential to enhance patient outcomes, 
optimize resource utilization, and push the boundaries 
of surgical innovation is driving the exploration of AI’s 
role in fetal surgical practices.

As we navigate this exciting intersection of medicine 
and technology, it is essential to approach the integration 
of AI with careful consideration, embracing its capabilities 
while preserving the ethical principles, human expertise, 
and compassionate care that have defined fetal surgery’s 
evolution. This review delves into the multifaceted landscape 
of AI’s introduction into fetal surgery, exploring its promises, 
challenges, and the collaborative efforts that will shape its 
transformative impact on the field.

Conclusion

The intricate interplay of medical proficiency and 
compassionate caregiving in the domain of fetal interventions 
becomes evident. It accentuates the finely balanced 
equilibrium that anesthesiologists navigate between 
maternal comfort and the stability of the developing foetus. 
Moreover, it underscores the ethical intricacies surrounding 
informed consent, deftly managing the junction of maternal 
autonomy and the potential ramifications for the unborn 
life. The infusion of Artificial Intelligence introduces a 
novel dimension, amplifying surgical precision and forging 
a pathway to pioneering prospects. Ultimately, it stands 
as a tribute to the dedication of healthcare professionals 
committed to advancing the well-being of expectant mothers 
and the unborn, shaping the trajectory of fetal interventions 
through their adeptness and empathy.
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