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Abstract

uterine relaxation and fetal immobility.

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
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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
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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
craftindividualized 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].
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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

e 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.

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

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

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

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

Intraoperative Considerations

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

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

Fetal Anesthesia

e 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.

e Recovery: After the surgery, the mother is monitored in
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arecovery 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:

e 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.

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

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

e 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:

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

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

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

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

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

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

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

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

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

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

e 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.
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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:

e Comprehensive Information: Due to the specialized
nature of fetal surgeries and their potential implications,
athorough 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].

e 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].

e 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].

e 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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e 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].

e Time for Reflection: Given the complexity of fetal
surgeries, mothers should be given sufficient time to
reflecton 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.

e 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:
e Maternal comfort and safety: Anesthesiologists aim to

provide effective pain management and comfort to the

expectant mother throughout the surgical procedure.

Thisinvolvesselectingappropriateanesthesiatechniques

that ensure the mother remains sedated, pain-free, and

comfortable, while minimizing any potential risks [29].
e 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].
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e Uterinerelaxation: 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.

e 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.

e 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.

e Monitoring and assessment: Continuous monitoring of
maternal vital signs and fetal heartrate 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.

e C(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.

e 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.

e 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].

e 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

Copyright© Shetty NA, et al.


https://medwinpublishers.com/ACCMJ

Anaesthesia & Critical Care Medicine Journal

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

e 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.

e 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.

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

e 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.

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

e 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

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

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

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

e 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.

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

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

e Infection: Fetal surgeries introduce the risk of infection
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that can affect the foetus directly, leading to adverse
outcomes.

The Future of Fetal Surgeries Using Artificial
Intelligence

The integration of Artificial Intelligence (Al) 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 Al 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 Al into this realm
is a natural progression, aligning with the broader trajectory
of Al's integration into various healthcare disciplines. This
synergy has the potential to revolutionize the landscape
of fetal surgery by leveraging Al's computational power,
pattern recognition capabilities, and data-driven insights to
overcome challenges and refine procedural methodologies.
Al’s application in fetal surgery spans multiple dimensions,
each contributing to the field’s evolution:

e Enhanced imaging and diagnostics: Al-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.

e Predictive modelling: Al 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.

e Robotic assistance: Robotics and Al 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.

e Real-time monitoring and intervention: Al-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.

e Data-driven insights: Al’s ability to process and analyze
vastamounts 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.

e Personalized treatment: Al 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.

e Training and simulation: Al-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].

e The integration of Al into fetal surgery is not without
challenges, including data privacy concerns, the need for
robust validation of Al 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 Al's
role in fetal surgical practices.

As we navigate this exciting intersection of medicine
and technology, it is essential to approach the integration
of Al 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 Al'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.

References

1. Francés S, Manrique S, Munar F, Montferrer N, Mufioz
C, et al. (2010) Intrauterine resuscitation with fetal
cardiocentesis during fetoscopic surgery. Int ] Obstet
Anesth 19(4): 464-465.

Shetty NA, et al. Surgery on the Unborn: Anesthesia for Intrauterine and Fetal Surgery - A Review.

Anaesth Critic Care Med ] 2023, 8(1): 000226.

10.

11.

12.

13.

14.

Warner LL, Arendt KW, Ruano R, Qureshi MY, Segura
LG, etal. (2022) A call for innovation in fetal monitoring
during fetal surgery. ] Matern Fetal Neonatal Med 35(9):
1817-1823.

Ochsenbein-Kolble N, Krahenmann F, Hiisler M, Meuli M,
Moehrlen U, et al. (2018) Tocolysis for in utero Surgery:
Atosiban Performs Distinctly Better than Magnesium
Sulfate. Fetal Diagn Ther 44(1): 59-64.

Bellieni CV (2021) Analgesia for fetal pain during
prenatal surgery: 10 years of progress. Pediatr Res
89(7): 1612-1618.

Rychik ] (2004) Fetal cardiovascular physiology. Pediatr
Cardiol 25(3): 201-209.

Chatterjee D, Arendt KW, Moldenhauer ]S, Olutoye
OA, Parikh JM, et al. (2021) Anesthesia for Maternal-
Fetal Interventions: A Consensus Statement From the
American Society of Anesthesiologists Committees on
Obstetric and Pediatric Anesthesiology and the North
American Fetal Therapy Network. Anesth Analg 132(4):
1164-1173.

Bhatia P, Chhabra S (2018) Physiological and
anatomical changes of pregnancy: Implications for
anaesthesia. Indian ] Anaesth 62(9): 651-657.

Dick JR, Wimalasundera R, Nandi R (2021) Maternal and
fetal anaesthesia for fetal surgery. Anaesthesia 76(4):
63-68.

Kumbhar V, Radhika M, Gundappa P, Simha ],
Radhakrishnan P, et al. (2016) Anaesthesia for
foetoscopic Laser ablation- a retrospective study. Indian
J Anaesth 60(12): 931-935.

Goonasekera CD, Skelton VA, Zebian B, Nicolaides K,
Lapa DA, et al. (2020) Peri-operative management of
percutaneous fetoscopicspina-bifidarepair: adescriptive
review of five cases from the United Kingdom, with focus
on anaesthetic implications. Int ] Obstet Anesth 43: 97-
105.

Hoagland M, Chatterjee D (2021) Anesthesia for Fetal
Interventions-An Update. Adv Anesth 39: 269-290.

Hoagland MA, Chatterjee D (2017) Anesthesia for fetal
surgery. Paediatr Anaesth 27(4): 346-357.

Adzick NS, Thom EA, Spong CY, Brock JW, Burrows
PK, et al. (2011) A randomized trial of prenatal versus
postnatal repair of myelomeningocele. N Engl ] Med
364(11): 993-1004.

Robinson MB, Crombleholme TM, Kurth CD (2008)

Copyright© Shetty NA, et al.


https://medwinpublishers.com/ACCMJ
https://pubmed.ncbi.nlm.nih.gov/20705451/
https://pubmed.ncbi.nlm.nih.gov/20705451/
https://pubmed.ncbi.nlm.nih.gov/20705451/
https://pubmed.ncbi.nlm.nih.gov/20705451/
https://pubmed.ncbi.nlm.nih.gov/32429715/
https://pubmed.ncbi.nlm.nih.gov/32429715/
https://pubmed.ncbi.nlm.nih.gov/32429715/
https://pubmed.ncbi.nlm.nih.gov/32429715/
https://pubmed.ncbi.nlm.nih.gov/28813702/
https://pubmed.ncbi.nlm.nih.gov/28813702/
https://pubmed.ncbi.nlm.nih.gov/28813702/
https://pubmed.ncbi.nlm.nih.gov/28813702/
https://pubmed.ncbi.nlm.nih.gov/32971529/
https://pubmed.ncbi.nlm.nih.gov/32971529/
https://pubmed.ncbi.nlm.nih.gov/32971529/
https://pubmed.ncbi.nlm.nih.gov/15360113/
https://pubmed.ncbi.nlm.nih.gov/15360113/
https://pubmed.ncbi.nlm.nih.gov/33048913/
https://pubmed.ncbi.nlm.nih.gov/33048913/
https://pubmed.ncbi.nlm.nih.gov/33048913/
https://pubmed.ncbi.nlm.nih.gov/33048913/
https://pubmed.ncbi.nlm.nih.gov/33048913/
https://pubmed.ncbi.nlm.nih.gov/33048913/
https://pubmed.ncbi.nlm.nih.gov/33048913/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6144551/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6144551/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6144551/
https://pubmed.ncbi.nlm.nih.gov/33682103/
https://pubmed.ncbi.nlm.nih.gov/33682103/
https://pubmed.ncbi.nlm.nih.gov/33682103/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5168896/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5168896/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5168896/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5168896/
https://pubmed.ncbi.nlm.nih.gov/32386991/
https://pubmed.ncbi.nlm.nih.gov/32386991/
https://pubmed.ncbi.nlm.nih.gov/32386991/
https://pubmed.ncbi.nlm.nih.gov/32386991/
https://pubmed.ncbi.nlm.nih.gov/32386991/
https://pubmed.ncbi.nlm.nih.gov/32386991/
https://pubmed.ncbi.nlm.nih.gov/34715979/
https://pubmed.ncbi.nlm.nih.gov/34715979/
https://pubmed.ncbi.nlm.nih.gov/28211140/
https://pubmed.ncbi.nlm.nih.gov/28211140/
https://pubmed.ncbi.nlm.nih.gov/21306277/
https://pubmed.ncbi.nlm.nih.gov/21306277/
https://pubmed.ncbi.nlm.nih.gov/21306277/
https://pubmed.ncbi.nlm.nih.gov/21306277/
https://pubmed.ncbi.nlm.nih.gov/19020148/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Shetty NA, et al. Surgery on the Unborn: Anesthesia for Intrauterine and Fetal Surgery - A Review.

Anaesthesia & Critical Care Medicine Journal

Maternal pulmonary edema during
surgery. Anesth Analg 107(6): 1978-1980.

fetoscopic

Kumar K, Miron C, Singh SI (2019) Maternal anesthesia
for EXIT procedure: A systematic review of literature. ]
Anaesthesiol Clin Pharmacol 35(1): 19-24.

KodaliBS,BharadwajS(2018) Foetal surgery: Anaesthetic
implications and strategic management. Indian ] Anaesth
62(9): 717-723.

Mohammad S, Olutoye OA (2020) Airway management
for neonates requiring ex utero intrapartum treatment
(EXIT). Paediatr Anaesth 30(3): 248-256.

Byun SH, Lee SY,Hong SY, Ryu T, Kim BJ, etal. (2016) Use of
the GlideScope video laryngoscope for intubation during
ex utero intrapartum treatment in a fetus with a giant
cyst of the 4th branchial cleft: A case report. Medicine
Baltimore 95(39): e4931.

Butler CR, Maughan EF, Pandya P, Hewitt R (2017) Ex
utero intrapartum treatment (EXIT) for upper airway
obstruction. Curr Opin Otolaryngol Head Neck Surg
25(2):119-126.

Jinior EA, Tonni G, Martins WP, Ruano R (2017)
Procedure-Related = Complications and  Survival
Following Fetoscopic Endotracheal Occlusion (FETO)
for Severe Congenital Diaphragmatic Hernia: Systematic
Review and Meta-Analysis in the FETO Era. Eur ] Pediatr
Surg 27(4): 297-305.

Novoa RH, Quintana W, Castillo-Urquiaga W, Ventura W
(2020) EXIT (ex utero intrapartum treatment) surgery
for the management of fetal airway obstruction: A
systematic review of the literature. ] Pediatr Surg 55(7):
1188-1195.

Chimenea A, Garcia-Diaz L, Calderén AM, Heras MML,
Antifiolo G, et al. (2018) Resolution of maternal Mirror
syndrome after succesful fetal intrauterine therapy: a
case series. BMC Pregnancy Childbirth 18(1): 85.

Llurba E, Marsal G, Sanchez O, Dominguez C, Alijotas-
Reig ], et al. (2012) Angiogenic and antiangiogenic
factors before and after resolution of maternal mirror
syndrome. Ultrasound Obstet Gynecol 40(3): 367-369.

Sacco A, Veeken LVD, Bagshaw E, Ferguson C, Van
Mieghem T, et al. (2019) Maternal complications
following open and fetoscopic fetal surgery: A systematic
review and meta-analysis. Prenat Diagn 39(4): 251-268.

Sviggum HP, Kodali BS (2013) Maternal anesthesia for
fetal surgery. Clin Perinatol 40(3): 413-427.

Anaesth Critic Care Med ] 2023, 8(1): 000226.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Buck FD, Deprest ], Velde MVD (2008) Anesthesia for
fetal surgery. Curr Opin Anaesthesiol 21(3): 293-297.

Velde MVD, Buck FD (2012) Fetal and maternal
analgesia/anesthesia for fetal procedures. Fetal Diagn
Ther 31(4): 201-209.

Casella DP, Tomaszewski ], Ost MC (2012) Posterior
urethral valves: renal failure and prenatal treatment. Int
] Nephro 2012: 351067.

Deprest ], Nicolaides K, Done E, Lewi P, Barki G, et al.
(2011) Technical aspects of fetal endoscopic tracheal
occlusion for congenital diaphragmatic hernia. ] Pediatr
Surg 46(1): 22-32.

Kohl T, Tchatcheva K, Merz W, Wartenberg HC, Heep A,
et al. (2009) Percutaneous fetoscopic patch closure of
human spina bifida aperta: advances in fetal surgical
techniques may obviate the need for early postnatal
neurosurgical intervention. Surg Endosc 23(4): 890-895.

Kitagawa H, Pringle KC (2017) Fetal surgery: a critical
review. Pediatr Surg Int 33(4): 421-433.

Hirose S, Farmer DL, Lee H, Nobuhara KK, Harrison
MR, et al. (2004) The ex utero intrapartum treatment
procedure: Looking back at the EXIT. ] Pediatr Surg
39(3): 375-380.

Garcia PJ], Olutoye 0O, Ivey RT, Olutoye OA (2011)
Case  scenario: anesthesia for maternal-fetal
surgery: the ExUtero Intrapartum Therapy (EXIT)
procedure. Anesthesiology 114(6): 1446-1452.

Boat A, Mahmoud M, Michelfelder EC, Lin E,
Ngamprasertwong P, et al. (2010) Supplementing
desflurane with intravenous anesthesia reduces fetal
cardiac dysfunction during open fetal surgery. Paediatr
Anaesth 20(8): 748-756.

Nath G, Subrahmanyam M, Jayanthi R, Singh R, Ramesh
S, et al. (2023) Recent advances in anaesthesia for
intrauterine and foetal surgery. Indian ] Anaesth 67(1):
11-18.

Venkitesh A, Nelson AA, Shetti AN (2023) The Effect of
Endotracheal Tube Cuff Shape on Post-extubation Sore
Throat in Critically Ill Patients in a Rural Tertiary Care
Hospital. Cureus 15(7): e42519.

Copyright© Shetty NA, et al.


https://medwinpublishers.com/ACCMJ
https://pubmed.ncbi.nlm.nih.gov/19020148/
https://pubmed.ncbi.nlm.nih.gov/19020148/
https://pubmed.ncbi.nlm.nih.gov/31057234/
https://pubmed.ncbi.nlm.nih.gov/31057234/
https://pubmed.ncbi.nlm.nih.gov/31057234/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6144553/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6144553/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6144553/
https://pubmed.ncbi.nlm.nih.gov/31898837/
https://pubmed.ncbi.nlm.nih.gov/31898837/
https://pubmed.ncbi.nlm.nih.gov/31898837/
https://pubmed.ncbi.nlm.nih.gov/27684833/
https://pubmed.ncbi.nlm.nih.gov/27684833/
https://pubmed.ncbi.nlm.nih.gov/27684833/
https://pubmed.ncbi.nlm.nih.gov/27684833/
https://pubmed.ncbi.nlm.nih.gov/27684833/
https://pubmed.ncbi.nlm.nih.gov/28267705/
https://pubmed.ncbi.nlm.nih.gov/28267705/
https://pubmed.ncbi.nlm.nih.gov/28267705/
https://pubmed.ncbi.nlm.nih.gov/28267705/
https://pubmed.ncbi.nlm.nih.gov/27522127/
https://pubmed.ncbi.nlm.nih.gov/27522127/
https://pubmed.ncbi.nlm.nih.gov/27522127/
https://pubmed.ncbi.nlm.nih.gov/27522127/
https://pubmed.ncbi.nlm.nih.gov/27522127/
https://pubmed.ncbi.nlm.nih.gov/27522127/
https://pubmed.ncbi.nlm.nih.gov/32151401/
https://pubmed.ncbi.nlm.nih.gov/32151401/
https://pubmed.ncbi.nlm.nih.gov/32151401/
https://pubmed.ncbi.nlm.nih.gov/32151401/
https://pubmed.ncbi.nlm.nih.gov/32151401/
https://pubmed.ncbi.nlm.nih.gov/29625560/
https://pubmed.ncbi.nlm.nih.gov/29625560/
https://pubmed.ncbi.nlm.nih.gov/29625560/
https://pubmed.ncbi.nlm.nih.gov/29625560/
https://pubmed.ncbi.nlm.nih.gov/22081513/
https://pubmed.ncbi.nlm.nih.gov/22081513/
https://pubmed.ncbi.nlm.nih.gov/22081513/
https://pubmed.ncbi.nlm.nih.gov/22081513/
https://pubmed.ncbi.nlm.nih.gov/30703262/
https://pubmed.ncbi.nlm.nih.gov/30703262/
https://pubmed.ncbi.nlm.nih.gov/30703262/
https://pubmed.ncbi.nlm.nih.gov/30703262/
https://pubmed.ncbi.nlm.nih.gov/23972748/
https://pubmed.ncbi.nlm.nih.gov/23972748/
https://pubmed.ncbi.nlm.nih.gov/18458544/
https://pubmed.ncbi.nlm.nih.gov/18458544/
https://pubmed.ncbi.nlm.nih.gov/22538233/
https://pubmed.ncbi.nlm.nih.gov/22538233/
https://pubmed.ncbi.nlm.nih.gov/22538233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3154780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3154780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3154780/
https://pubmed.ncbi.nlm.nih.gov/21238635/
https://pubmed.ncbi.nlm.nih.gov/21238635/
https://pubmed.ncbi.nlm.nih.gov/21238635/
https://pubmed.ncbi.nlm.nih.gov/21238635/
https://pubmed.ncbi.nlm.nih.gov/18818968/
https://pubmed.ncbi.nlm.nih.gov/18818968/
https://pubmed.ncbi.nlm.nih.gov/18818968/
https://pubmed.ncbi.nlm.nih.gov/18818968/
https://pubmed.ncbi.nlm.nih.gov/18818968/
https://pubmed.ncbi.nlm.nih.gov/28058487/
https://pubmed.ncbi.nlm.nih.gov/28058487/
https://pubmed.ncbi.nlm.nih.gov/15017555/
https://pubmed.ncbi.nlm.nih.gov/15017555/
https://pubmed.ncbi.nlm.nih.gov/15017555/
https://pubmed.ncbi.nlm.nih.gov/15017555/
https://pubmed.ncbi.nlm.nih.gov/21555935/
https://pubmed.ncbi.nlm.nih.gov/21555935/
https://pubmed.ncbi.nlm.nih.gov/21555935/
https://pubmed.ncbi.nlm.nih.gov/21555935/
https://pubmed.ncbi.nlm.nih.gov/20670239/
https://pubmed.ncbi.nlm.nih.gov/20670239/
https://pubmed.ncbi.nlm.nih.gov/20670239/
https://pubmed.ncbi.nlm.nih.gov/20670239/
https://pubmed.ncbi.nlm.nih.gov/20670239/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10034931/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10034931/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10034931/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10034931/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10457499/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10457499/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10457499/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10457499/
https://creativecommons.org/licenses/by/4.0/

	_GoBack
	Abstract
	Introduction
	Anesthesia for Fetal Surgeries
	Maternal Anesthesia
	Intraoperative Considerations
	Fetal Anesthesia
	The Common Fetal Surgeries
	Consent Related to Anesthesia and Fetal Surgeries
	The Goals of Anesthesiologist During Fetal Surgeries
	The Maternal and Fetal Complications
	Maternal Complications

	Fetal Complications 
	The Future of Fetal Surgeries Using Artificial Intelligence

	Conclusion
	References

