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Abstract: Minimally invasive surgery (MIS) has revolutio-
nized the field of surgery by offering reduced trauma,
faster recovery times, and improved patient outcomes
compared to traditional open procedures. However, the
widespread adoption of MIS is not without challenges,
and managing complications and limitations is essential
for optimizing patient safety and surgical efficacy. This
study provides a comprehensive overview of the strategies
employed in the management of complications and limita-
tions associated with MIS. Complications in MIS can arise
from various factors, including anatomical variations, unex-
pected bleeding, or difficulties in instrument manipulation.
Recognizing the potential for complications is crucial, and
surgeons must be equipped to make real-time decisions,
including the possibility of converting to open procedures
when necessary. Patient selection plays a pivotal role, with
thorough preoperative assessments helping identify indivi-
duals who may be at higher risk for complications. Limitations
in MIS are diverse and can stem from anatomical challenges,
such as restricted access in confined spaces or complex
structures. While technological advancements, such as
robotic-assisted surgery and advanced imaging, have miti-
gated some limitations, ongoing efforts are directed toward
overcoming challenges related to limited range of motion
and maneuverability in intricate anatomical locations.
Strategies for the management of complications and limita-
tions involve a multidisciplinary approach. Surgeon training
and proficiency in MIS techniques are paramount, emphasizing
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the importance of ongoing education and simulation-based
training. Thorough preoperative planning, including a com-
prehensive assessment of patient history and anatomical con-
siderations, helps anticipate potential challenges. Additionally,
advancements in technology, such as enhanced imaging and
robotic-assisted systems, contribute to improved visualization
and precision during MIS. Regular maintenance and calibra-
tion of equipment, along with an emphasis on team commu-
nication and collaboration, further enhance the safety and
effectiveness of MIS. The management of complications and
limitations in MIS requires a holistic approach, encompassing
surgical expertise, technological innovations, and meticulous
preoperative planning. By addressing these challenges, the
field of MIS continues to evolve, offering patients minimally
invasive options with enhanced safety and efficacy.
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1 Introduction

Minimally invasive surgery (MIS) has emerged as a trans-
formative approach to surgical interventions, redefining
traditional practices and significantly improving patient
outcomes. This technique involves performing surgical
procedures through small incisions, often less than 1 cm in
size, with the aid of specialized instruments and advanced
imaging technologies. Laparoscopic surgery, a primary form
of MIS, employs a laparoscope — a thin, flexible tube with a
camera and light source — to visualize and operate within
the body. The real-time, high-resolution images provided by
the laparoscope allow surgeons to navigate complex anato-
mical structures with precision. One of the defining advan-
tages of MIS is the reduction in surgical trauma. Unlike
open surgeries that require large incisions, MIS minimizes
damage to surrounding tissues, resulting in less postopera-
tive pain and faster recovery times for patients [12]. The
smaller incisions also contribute to improved cosmetic
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outcomes, as patients are left with minimal scarring. Addition-
ally, the decreased exposure of internal organs during MIS
procedures leads to lower infection rates, enhancing overall
patient safety. The versatility of MIS is evident across various
surgical disciplines. Whether applied in general surgery, gyne-
cology, urology, or orthopedics, MIS has proven effective in
addressing a wide range of medical conditions. Robotic-
assisted MIS takes precision to another level by incorpor-
ating robotic systems controlled by surgeons [3,4]. These
systems provide enhanced dexterity, three-dimensional (3D)
visualization, and the potential for teleoperation, enabling
surgeons to perform procedures remotely. However, the
adoption of MIS is not without challenges. Surgeons must
navigate a learning curve to master the specialized skills
required for minimally invasive techniques. Patient selection
is also critical, as factors such as obesity or anatomical varia-
tions may impact the feasibility and success of MIS proce-
dures. Addressing these challenges requires ongoing training
programs and educational initiatives to ensure that surgeons
are proficient in the evolving landscape of MIS. The limita-
tions of MIS are being actively addressed through continuous
technological innovations. Advances in instrumentation
design aim to overcome constraints related to the limited
range of motion, providing surgeons with more maneuver-
ability during procedures. Additionally, ongoing research
focuses on expanding the applications of MIS and refining
existing technologies to make these procedures more acces-
sible and effective [5,6]. Looking ahead, the future of MIS
appears promising. Continued technological advancements,
including the integration of artificial intelligence (AI) and
machine learning, hold the potential to further enhance the
precision and safety of MIS procedures. Training programs
will play a pivotal role in preparing the next generation of
surgeons to leverage these advancements effectively. Ulti-
mately, MIS stands as a testament to the evolving synergy
between medical science and technology, offering patients
less invasive options with improved outcomes and contri-
buting to the ongoing evolution of surgical practices [7,8].

2 Evolution of MIS

The evolution of MIS represents a remarkable journey that
has reshaped the landscape of surgical practices. The roots
of MIS can be traced back to the early twentieth century when
rudimentary endoscopic techniques were first employed.
However, it was the advent of laparoscopy in the late twen-
tieth century that marked a paradigm shift. Laparoscopic sur-
gery introduced the concept of making small incisions and
using a laparoscope — a thin tube with a camera - to visualize
the surgical field [9,10]. This breakthrough laid the foundation
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for the development of MIS techniques across various surgical
specialties. The 1990s witnessed a surge in laparoscopic pro-
cedures, with gallbladder removal being one of the earliest
widespread applications. Surgeons began to explore the pos-
sibilities of expanding MIS to other organs and systems. The
refinement of instrumentation and the introduction of
robotic-assisted systems in the early twenty-first century
further propelled the evolution of MIS. Robotic surgery
offered surgeons enhanced precision, increased dexterity,
and 3D visualization, transforming the capabilities of mini-
mally invasive techniques [11,12]. The evolution of MIS has
been driven by a continuous quest for improved patient
outcomes. As surgeons gained experience and technology
advanced, the scope of MIS expanded to encompass a
diverse array of procedures, including those in gynecology,
urology, and cardiothoracic surgery. The benefits of MIS,
such as reduced trauma, faster recovery, and improved cos-
metic results, became increasingly evident, leading to a growing
preference for minimally invasive approaches. Ongoing techno-
logical innovations have played a pivotal role in shaping the
trajectory of MIS. Advances in imaging technology, including
high-definition cameras and real-time imaging modalities, have
provided surgeons with clearer views of the operative field.
Additionally, the integration of Al and machine learning holds
the promise of further enhancing the precision and safety of
MIS procedures. As technology continues to evolve, the bound-
aries of what is possible with minimally invasive techniques are
continually being pushed [12,13]. Despite the undeniable pro-
gress, challenges persist. Surgeons adopting MIS techniques face
a learning curve, requiring dedicated training programs and
mentorship. Patient selection remains critical, with factors such
as obesity and anatomical variations posing unique challenges
for certain MIS procedures. Addressing these challenges is cru-
cial for the continued evolution and widespread acceptance of
MIS. The evolution of MIS reflects a dynamic interplay between
surgical innovation, technological advancements, and a com-
mitment to improving patient care. From its early roots in
endoscopy to the sophisticated robotic-assisted procedures of
today, MIS has become an integral part of modern surgical
practices, offering patients less invasive options and contri-
buting to the ongoing transformation of healthcare [14-16].

3 Advantages of MIS

MIS has emerged as a transformative approach to surgical
procedures, offering a plethora of advantages compared
to traditional open surgeries. This innovative technique
involves making small incisions, typically less than 1 cm in
size, through which specialized instruments and advanced
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imaging technologies are utilized. MIS stands as a revolu-
tionary approach that has redefined surgical practices across
diverse medical specialties [17,18]. The advantages of MIS
extend across various surgical specialties, contributing to
improved patient outcomes, reduced recovery times, and
enhanced overall healthcare efficiency.

3.1 Reduced trauma and faster recovery

MIS represents a transformative approach to surgical inter-
ventions, offering patients a substantial reduction in trauma
compared to conventional open surgeries. Traditional open
procedures typically involve large incisions that necessitate
cutting through layers of tissue, resulting in more extensive
damage to the surrounding structures. This heightened
trauma is not only associated with increased pain for the
patient but also a greater risk of complications, including
infection and a longer healing process. The inherent advan-
tage of MIS lies in its utilization of small incisions, signifi-
cantly minimizing the disruption to tissues [19]. This reduction
in surgical trauma is particularly noteworthy in abdominal
and pelvic surgeries, where delicate structures can be
approached with precision through small ports, mitigating
the need for large, invasive incisions. The impact of reduced
trauma in MIS extends far beyond the surgical suite and into
the patient’s recovery period. A key component of this advan-
tage is the significant decrease in postoperative pain experi-
enced by patients undergoing minimally invasive procedures.
Smaller incisions result in less tissue disruption, nerve stimu-
lation, and overall discomfort, contributing to a more comfor-
table recovery experience. Furthermore, the diminished
trauma associated with MIS translates into a lower risk of
infection, as smaller wounds are inherently less susceptible
to microbial infiltration. This, in turn, minimizes the need for
extended antibiotic regimens and facilitates a swifter and
more uncomplicated recovery trajectory [20]. In addition to
alleviating pain and reducing infection risks, the reduced
trauma characteristic of MIS plays a pivotal role in shortening
hospital stays and accelerating the overall recovery process.
Patients undergoing MIS typically experience a quicker return
to their daily activities compared to those who undergo open
surgeries. The diminished impact on the body allows for a
more rapid restoration of functionality and promotes early
mobilization, further contributing to the expedited recovery.
This advantage is particularly impactful in cases where the
patient’s overall health and well-being are closely tied to their
ability to resume normal activities promptly. In summary, the
intrinsic link between reduced surgical trauma and faster
recovery in MIS underscores the profound positive impact

Navigating minimally invasive surgery = 3

this approach has on patient outcomes and postoperative
experiences [21].

3.2 Lower infection rates and improved
safety

The reduction in infection rates is a critical aspect of the
improved safety profile associated with MIS. The primary
factor contributing to lower infection rates in MIS is the
strategic minimization of incision size. In traditional open
surgeries, larger incisions create expansive pathways for
external contaminants, increasing the likelihood of post-
operative infections. In contrast, MIS involves smaller, pre-
cisely placed incisions, significantly limiting the exposure
of internal organs to potential pathogens. This strategic
approach not only minimizes the risk of infections but
also underscores the meticulous care taken to enhance
patient safety during surgical interventions. The correla-
tion between smaller incisions and reduced infection risk
has profound implications for patient outcomes [22]. By
minimizing the opportunity for microbial infiltration, MIS
enhances the safety of surgical procedures, particularly in
areas prone to contamination, such as the abdominal or
pelvic regions. Lower infection rates contribute to a more
favorable postoperative recovery experience for patients, as
they are less likely to experience the complications asso-
ciated with infections, such as delayed healing or the need
for prolonged antibiotic therapies. Moreover, the improved
safety profile of MIS aligns with broader healthcare objectives
of reducing hospital-acquired infections and optimizing patient
care quality. Beyond the direct benefits to patients, the lowered
infection rates associated with MIS can also contribute to
healthcare cost-effectiveness. The diminished risk of postopera-
tive infections may result in a decreased need for prolonged
antibiotic treatments and additional medical interventions
aimed at managing and resolving infections [23]. This, in
turn, can lead to cost savings for healthcare systems, high-
lighting the economic advantages of emphasizing MIS as a
preferred surgical approach. Consequently, the intrinsic link
between reduced infection rates and improved safety in MIS
not only enhances individual patient outcomes but also aligns
with broader healthcare goals of optimizing resource utiliza-
tion and maintaining cost-effective, high-quality care [24].

3.3 Improved cosmesis

MIS introduces a notable aesthetic advantage through the
promotion of improved cosmesis. Central to this benefit is



4 —— 7Zulfkar Qadrie et al.

the strategic use of small incisions, a characteristic feature
of MIS procedures. Unlike the larger and more conspicuous
scars often associated with open surgeries, the tiny inci-
sions used in MIS are discreet and result in minimal scar-
ring. This feature is particularly significant in surgical
interventions where the operative site is visible, such as
certain abdominal or facial surgeries [5,25]. The cosmetic
advantages of MIS extend beyond mere appearances; they
contribute to the preservation of the patient’s body image
and self-esteem, addressing not only the functional aspects
of surgery but also the emotional and psychological well-
being of individuals. The aesthetic benefits of improved
cosmesis play a crucial role in enhancing the overall
patient experience and satisfaction. For many patients,
the visibility of scars is a concern that can impact their
self-perception and confidence. The inconspicuous nature
of scars resulting from MIS addresses these concerns, fos-
tering a positive psychological impact on patients [26]. The
minimized scarring not only aligns with societal expecta-
tions of beauty but also supports patients in their recovery
journey by reducing potential emotional distress related to
the appearance of surgical scars. This positive impact on
the patient’s mental and emotional well-being contributes
to a more holistic approach to healthcare that extends
beyond the physical aspects of surgery. Furthermore, the
emphasis on improved cosmesis aligns with contemporary
healthcare trends that prioritize patient-centered care. As
patients become more informed and discerning about their
healthcare choices, factors such as cosmetic outcomes play
a role in decision-making [27]. Surgeons who incorporate
MIS techniques recognize the significance of addressing
not only the medical aspects of surgery but also the
patient’s aesthetic concerns. This patient-centric approach
enhances overall satisfaction and may positively influence
patient-reported outcomes, reflecting a nuanced under-
standing of the comprehensive impact of surgical interven-
tions on the individual’s quality of life. In conclusion, the
aesthetic advantages of improved cosmesis in MIS under-
score its role in fostering a positive patient experience and
aligning with the evolving expectations of modern health-
care consumers [28].

3.4 Enhanced precision and visualization

Enhanced precision and visualization are fundamental
advantages that MIS brings to the forefront of modern sur-
gical practices, owing much to the integration of advanced
imaging technologies. Laparoscopes, endoscopes, and robotic-
assisted systems have become indispensable tools in the
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hands of surgeons, providing them with unprecedented
real-time, high-resolution visuals of the operative field.
These technologies act as the surgeon’s eyes inside the
body, offering detailed views of internal structures with
magnified clarity. The use of 3D visualization further ele-
vates the precision, allowing surgeons to perceive depth and
spatial relationships in a manner not possible with tradi-
tional open surgeries [29,30]. This level of visual acuity
becomes paramount in procedures where meticulous accu-
racy is crucial, such as in neurosurgery or microsurgery,
where the scale of the operative field demands a level of
precision beyond what the naked eye can achieve. The
ability to navigate with enhanced precision is a game-
changer in the realm of MIS. Surgeons can visualize and
manipulate tissues with exceptional accuracy, facilitating
the performance of intricate procedures that demand a
high degree of precision. In neurosurgery, for example,
the precise visualization of intricate brain structures is
imperative for success. MIS technologies allow for precise
navigation in challenging anatomical locations, reducing the
risk of damage to critical structures and enhancing the
overall safety of the procedure [31]. This precision is not
only a technical advantage but also a transformative ele-
ment that contributes to improved patient outcomes,
shorter recovery times, and minimized postoperative com-
plications. Moreover, the integration of enhanced visualiza-
tion in MIS extends beyond the immediate benefits for the
surgeon. It serves as an educational tool, allowing surgical
teams to observe procedures in unprecedented detail. This
contributes to a collective learning experience, fostering a
culture of continuous improvement and skill development
within the surgical community. As technological advance-
ments continue, the potential for even more sophisticated
imaging modalities, such as augmented reality (AR), pro-
mises to further revolutionize the precision and visualiza-
tion capabilities of MIS. In summary, the integration of
advanced imaging technologies in MIS empowers surgeons
with unparalleled precision, ultimately redefining the pos-
sibilities and standards in modern surgical care [32].

3.5 Reduced blood loss

The reduction in intraoperative blood loss stands out as a
prominent advantage of MIS, setting it apart from tradi-
tional open surgical approaches. The strategic use of smaller
incisions in MIS, coupled with the utilization of specialized
instruments designed for precision, plays a pivotal role in
minimizing blood loss during the procedure. Unlike open
surgeries, where larger incisions can lead to more extensive
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bleeding and necessitate more aggressive hemostasis, the
meticulous nature of MIS allows surgeons to target specific
areas with precision, thereby significantly reducing the
overall blood loss. This advantage holds particular signifi-
cance in surgeries involving vital organs or structures where
minimizing blood loss is crucial for patient safety and suc-
cessful outcomes [33]. The implications of reduced intraopera-
tive blood loss extend beyond the immediate surgical setting
to positively impact patient outcomes. Lower blood loss
diminishes the need for blood transfusions, a common
requirement in surgeries with significant hemorrhage. This
not only reduces the risk of complications associated with
transfusions but also contributes to a more stable intraopera-
tive environment. Maintaining hemodynamic stability is cru-
cial for patients undergoing surgery, and the reduced blood
loss associated with MIS supports this goal. Additionally, a
more stable intraoperative environment provides surgeons
with enhanced visibility and control, facilitating a smoother
and safer execution of the procedure [17,34]. Furthermore, the
reduced blood loss in MIS aligns with broader healthcare
objectives related to resource utilization and patient recovery.
The decreased reliance on blood transfusions translates to
potential cost savings for healthcare systems and reduces
the demand on blood banks. Patients benefit from a decreased
risk of complications related to blood transfusions, such as
infections or allergic reactions. The overall impact is a more
streamlined and efficient surgical process that prioritizes
patient safety, minimizes the need for additional interven-
tions, and supports a faster postoperative recovery. In essence,
the advantage of reduced blood loss in MIS underscores its
pivotal role in promoting both patient safety and the efficiency
of surgical care [35].

3.6 Versatility across surgical specialties

MIS stands out for its remarkable versatility, making it a
valuable approach across an extensive array of surgical
specialties. General surgery has seen a paradigm shift
with the adoption of MIS techniques, with procedures
such as laparoscopic appendectomies, cholecystectomies,
and hernia repairs becoming standard practice. In gyne-
cology, MIS has revolutionized procedures like hysterec-
tomies and myomectomies, offering patients less invasive
alternatives with reduced postoperative pain and faster
recovery times [30,36]. Urology has also witnessed the
transformative impact of MIS, with procedures such as
laparoscopic prostatectomies and nephrectomies gaining
prominence for their precision and patient benefits. Ortho-
pedics has embraced MIS in procedures ranging from
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arthroscopic joint surgeries to minimally invasive spine sur-
geries. This approach allows for smaller incisions, reduced
soft tissue damage, and quicker rehabilitation. In cardi-
othoracic surgery, MIS has found application in coronary
artery bypass grafting, valve repairs, and lung surgeries
[30,37]. The adaptability of MIS to these diverse specialties
is rooted in its ability to provide enhanced precision,
reduced trauma, and faster recovery, regardless of the ana-
tomical region or specific surgical procedure. This versatility
underscores the broad applicability of MIS, making it a
transformative and widely utilized technique in contem-
porary surgical practices. The cross-specialty applicability
of MIS not only reflects its technical adaptability but also
its positive impact on patient outcomes. Patients undergoing
MIS often experience less postoperative pain, reduced hos-
pital stays, and faster recovery, irrespective of the surgical
specialty. This versatility aligns with the evolving landscape
of patient-centered care, emphasizing minimally invasive
approaches that prioritize not only the successful treatment
of medical conditions but also the overall well-being and
satisfaction of patients. As technology continues to advance
and surgical techniques evolve, the versatility of MIS posi-
tions it as a cornerstone in the ongoing transformation of
surgical practices across various medical disciplines [38,39].

3.7 Earlier ambulation and reduced
postoperative pain

MIS not only revolutionizes surgical procedures but also
significantly improves the postoperative experience for
patients, particularly in terms of reduced pain and earlier
ambulation. The key to diminished postoperative pain in
MIS lies in the smaller incisions and minimized tissue
trauma associated with this approach. Unlike open sur-
geries, which often involve larger incisions and more
extensive tissue disruption, the precision of MIS allows
for a more targeted intervention. This translates into less
damage to surrounding structures, nerves, and muscles,
ultimately resulting in a reduction in postoperative pain
[40]. This advantage is particularly notable in procedures
involving the abdominal or pelvic regions, where postopera-
tive pain can be a significant concern. The correlation
between reduced postoperative pain and earlier ambulation
is a pivotal aspect of the enhanced recovery associated with
MIS. The diminished pain allows patients to mobilize sooner
after surgery, which is crucial for preventing complications
related to prolonged bed rest. Early ambulation is essential
for maintaining circulatory health, reducing the risk of deep
vein thrombosis, and preventing respiratory issues like



6 —— Zulfkar Qadrie et al.

atelectasis. By promoting mobility, MIS contributes to a
smoother recovery trajectory, allowing patients to regain
functionality sooner and resume their daily activities with
less discomfort [41]. This aligns with the patient-centered
care approach, emphasizing not only the success of the sur-
gical procedure but also the quality of life and overall well-
being of the patient throughout the recovery process. The
combined benefits of reduced postoperative pain and ear-
lier ambulation underscore the transformative impact of
MIS on patient recovery. Patients experience a more com-
fortable and efficient recuperation facilitating a faster
return to normal activities. As healthcare continues to
prioritize patient-centered outcomes, the emphasis on
reducing postoperative pain, and promoting early ambu-
lation aligns with the broader goals of enhancing the
overall patient experience and optimizing recovery out-
comes. In essence, the advantages of MIS extend beyond
the operating room, ushering in a new era of surgical care
that prioritizes both the technical precision of the proce-
dure and the holistic well-being of the patient [42,43].

3.8 Cost-effectiveness

Cost-effectiveness is a key consideration in the assessment
of MIS, and while the initial investments in equipment and
training may appear higher, the long-term economic ben-
efits become apparent when evaluating various factors.
One of the primary contributors to the cost-effectiveness
of MIS is the reduction in hospital stays. Compared to tra-
ditional open surgeries, MIS procedures often result in
shorter hospitalization periods due to faster recovery times
[44]. This not only translates to reduced costs for patients, as
they spend less time in the hospital, but it also optimizes the
utilization of healthcare facilities by freeing up resources for
other patients in need of care. The efficient turnover of
hospital beds contributes to the overall effectiveness and
resource optimization within healthcare systems. Lower
infection rates associated with MIS further enhance its cost-
effectiveness. The minimized risk of postoperative infections
reduces the need for extended hospital stays, additional med-
ical interventions, and prolonged antibiotic treatments [44,45].
Fewer complications contribute to streamlined patient care,
potentially leading to a reduction in healthcare expenditures
related to managing and treating postoperative infections. The
economic impact extends beyond the immediate postopera-
tive period, positively influencing the overall cost-effectiveness
of MIS and aligning with the broader goals of healthcare sys-
tems to provide efficient and economically sustainable care
[45,46]. Additionally, the reduced need for postoperative
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interventions and complications adds another layer to the
economic benefits of MIS. The enhanced precision, reduced
blood loss, and minimized trauma associated with MIS con-
tribute to fewer complications, resulting in a smoother
recovery process. Fewer complications mean a decreased
requirement for follow-up procedures, rehospitalizations,
or additional medical treatments, ultimately contributing
to cost savings for both patients and healthcare systems.
In essence, while the initial investment in MIS may seem
higher, the long-term cost-effectiveness is underscored by
the efficient use of resources, reduced hospital stays, and
minimized postoperative complications, highlighting the
economic advantages of embracing this advanced sur-
gical approach [47,48].

3.9 Remote surgery possibilities

The integration of robotic-assisted MIS introduces a revo-
lutionary concept — the potential for remote surgery. With
this technology, surgeons can control robotic systems from
a distance, allowing them to perform intricate procedures
on patients located in different geographical areas. This
opens up new possibilities for providing specialized care
to individuals in underserved or remote locations where
access to advanced surgical expertise may be limited [49].
The ability to conduct remote surgery has transformative
implications for healthcare delivery, breaking down geo-
graphical barriers and democratizing access to cutting-
edge surgical interventions. The concept of remote surgery
is particularly impactful in scenarios where patients in
remote or underserved regions lack proximity to specialized
medical facilities. Through robotic-assisted MIS, expert sur-
geons can extend their reach to virtually any location with
the necessary technological infrastructure. This not only
enhances access to advanced surgical procedures but also
addresses healthcare disparities by ensuring that indivi-
duals in remote areas receive the same level of specialized
care as those in more urban or central locations [50].
Remote surgery has the potential to bring about a paradigm
shift in healthcare delivery, promoting equity and inclu-
sivity in the distribution of advanced surgical services. While
the idea of remote surgery holds great promise, it also raises
considerations regarding technological infrastructure, connec-
tivity, and regulatory frameworks. Ensuring secure and reli-
able communication channels, safeguarding patient data, and
adhering to ethical and legal standards are critical aspects that
must be addressed to fully realize the potential of remote
surgery. As technology continues to advance and these consid-
erations are addressed, the integration of remote surgery
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capabilities in MIS has the potential to revolutionize how sur-
gical expertise is delivered, making it more accessible and
inclusive on a global scale [51,52].

3.10 Evolving technological innovations

MIS is at the forefront of a rapidly evolving landscape
marked by ongoing technological innovations. The integra-
tion of AI and machine learning represents a transforma-
tive leap in the field of MIS. These technologies are being
harnessed to enhance decision-making processes during
surgery, providing real-time insights and predictive analy-
tics [53]. By analyzing vast datasets and learning from
diverse surgical scenarios, Al can offer surgeons valuable
assistance, helping optimize procedures, improve surgical
precision, and contribute to better patient outcomes. The
synergy between Al and MIS exemplifies the potential for
technology to augment the capabilities of surgeons and rede-
fine the standards of care. Advanced imaging technologies are
also undergoing continuous refinement within the realm of
MIS [54]. Innovations in imaging, including 3D visualization
and AR, are revolutionizing the way surgeons perceive and
interact with the operative field. These technologies provide
unprecedented depth and clarity, enabling surgeons to navi-
gate with enhanced precision. The ongoing development of
innovative instruments, coupled with advancements in ima-
ging, holds the promise of overcoming existing challenges
associated with MIS. Surgeons can expect to leverage increas-
ingly sophisticated tools that facilitate intricate procedures
with greater ease and efficiency [55]. This evolution not only
pushes the boundaries of what is achievable through mini-
mally invasive approaches but also contributes to a more
patient-centric, efficient, and technologically empowered sur-
gical landscape. The trajectory of MIS is shaped by a commit-
ment to overcoming challenges and embracing opportunities
presented by emerging technologies. As the field advances,
surgeons can anticipate the integration of cutting-edge tools,
robotic systems, and intelligent decision support systems that
amplify their capabilities. The continuous evolution of MIS
through technological innovations underscores its dynamic
nature and its potential to further revolutionize surgical prac-
tices, ultimately benefiting patients by enhancing safety, pre-
cision, and the overall quality of care [56].

4 Types of MISs

MIS encompasses various techniques that have revolutio-
nized surgical practices across a spectrum of medical
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specialties. These methods share the common goal of redu-
cing surgical trauma by utilizing small incisions, specialized
instruments, and advanced imaging technologies [57]. The
types of MISs can be broadly categorized into laparoscopic
surgery, robotic-assisted surgery, and endoscopic surgery,
each offering unique advantages in specific clinical scenarios.

4.1 Laparoscopic surgery
4.1.1 Definition and technique

Laparoscopic surgery, also known as minimally invasive
laparoscopic surgery, involves the use of a laparoscope — a
thin, flexible tube with a light and camera - inserted
through small incisions. The laparoscope allows surgeons
to visualize the operative field on a monitor, guiding the
procedure. Other specialized instruments are introduced
through additional small incisions, enabling surgeons to
perform various maneuvers and procedures [58,59].

4.1.2 Applications

Laparoscopic surgery finds extensive applications in abdom-
inal and pelvic procedures. Common examples include laparo-
scopic cholecystectomy (gallbladder removal), laparoscopic
appendectomy, and laparoscopic hysterectomy. The technique
has proven effective in addressing conditions such as gastro-
intestinal disorders, hernias, and gynecological issues [60,61].

4.1.3 Advantages

The advantages of laparoscopic surgery include reduced
trauma, faster recovery times, and improved cosmetic out-
comes. Patients undergoing laparoscopic procedures often
experience less postoperative pain, reduced blood loss, and
shorter hospital stays compared to traditional open sur-
geries [62].

4.2 Robotic-assisted surgery
4.2.1 Technology and mechanism
Robotic-assisted surgery involves the use of robotic sys-

tems to enhance surgical procedures. These systems con-
sist of robotic arms controlled by the surgeon through a
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console. The robotic arms hold specialized instruments,
mimicking the surgeon’s movements with precision. The
surgeon receives real-time, high-definition 3D visuals of the
operative field through a console, allowing for enhanced
control and dexterity [63].

4.2.2 Applications

Robotic-assisted surgery is applied across various special-
ties, including urology, gynecology, cardiothoracic surgery,
and general surgery. Examples include robotic prosta-
tectomy for prostate cancer, robotic-assisted hysterectomy,
and robotic-assisted cardiac procedures. The technology is
particularly advantageous in procedures requiring intri-
cate movements and a high level of precision [64].

4.2.3 Advantages

Robotic-assisted surgery offers several advantages, including
enhanced dexterity, improved visualization, and the potential
for remote surgery. The 3D visualization allows for a more
detailed view of anatomical structures, contributing to pre-
cise dissections. Surgeons can manipulate the robotic arms
with a range of motion that exceeds what is achievable with
human hands, making it suitable for delicate and complex
procedures [65].

4.3 Endoscopic surgery
4.3.1 Instrumentation and technique

Endoscopic surgery involves the use of an endoscope — a
flexible tube with a light and camera — at the surgical site.
The endoscope may be introduced through natural body
openings or small incisions. This technique allows sur-
geons to visualize and operate internally without the
need for large incisions. Endoscopic surgery includes pro-
cedures such as arthroscopy (joint surgery), cystoscopy
(bladder examination), and bronchoscopy (examination
of the airways) [66,67].

4.3.2 Applications
Endoscopic surgery is applied in various specialties, including

gastroenterology, urology, orthopedics, and pulmonology.
Gastrointestinal endoscopy, for example, enables the diagnosis
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and treatment of conditions such as gastrointestinal bleeding,
polyps, and tumors. Arthroscopy is commonly used for knee
and shoulder surgeries, providing a minimally invasive option
for joint-related issues [68].

4.3.3 Advantages

Endoscopic surgery offers advantages such as reduced
invasiveness, quicker recovery, and avoidance of large
incisions. The use of natural body openings or small inci-
sions minimizes scarring and reduces the risk of infection.
Endoscopic procedures are particularly well-suited for diag-
nosing and treating conditions within hollow organs and
cavities [68,69].

4.4 Hysteroscopic surgery
4.4.1 Technique and applications

Hysteroscopic surgery involves the use of a hysteroscope —
a thin, lighted tube — to examine and treat conditions
within the uterus. This technique is employed for both
diagnostic and therapeutic purposes. Hysteroscopic proce-
dures can address issues such as abnormal bleeding, polyps,
fibroids, and certain types of intrauterine adhesions [70,71].

4.4.2 Advantages

Hysteroscopic surgery offers distinct advantages, including
the ability to visualize and treat intrauterine conditions
without the need for external incisions. Patients under-
going hysteroscopic procedures often experience minimal
discomfort, reduced recovery times, and improved fertility
outcomes in cases where the surgery is performed to
address specific uterine issues [72,73].

4.5 Thoracoscopic surgery
4.5.1 Procedure and applications

Thoracoscopic surgery involves accessing the thoracic cavity
through small incisions for diagnostic and therapeutic pur-
poses. Common applications include thoracoscopic lung
biopsies, removal of lung nodules, and thoracoscopic sym-
pathectomy for conditions such as hyperhidrosis [74].
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4.5.2 Advantages

Thoracoscopic surgery provides advantages in terms of
reduced postoperative pain, faster recovery, and improved
respiratory function. The smaller incisions minimize trauma
to the chest wall, leading to less pain and a shorter hospital
stay compared to traditional open thoracic procedures [75].

4.6 Transoral surgery
4.6.1 Technique and use

Transoral surgery, also known as transoral MIS, involves
accessing the surgical site through the mouth, eliminating
the need for external incisions. This technique is often
employed in head and neck surgeries, such as transoral
robotic surgery for oropharyngeal cancers [76,77].

4.6.2 Advantages

Transoral surgery offers advantages in terms of reduced
external scarring, quicker recovery, and preservation of
normal anatomical structures. The avoidance of external
incisions minimizes the risk of wound-related complica-
tions and provides a cosmetically favorable outcome [78].

5 Complications of MIS

MIS has revolutionized the field of surgery, offering numerous
benefits; however, like any medical procedure, it is not
without its potential complications. As with traditional open
surgeries, MIS carries certain risks, although the incidence of
complications is generally lower. Understanding these compli-
cations is crucial for both surgeons and patients to make
informed decisions about the appropriate course of action
and to ensure optimal outcomes [79,80].

5.1 General complications
5.1.1 Bleeding
Bleeding represents a potential complication in MIS, although

the risk is generally lower compared to open surgeries due to
the smaller incisions and precision of these procedures.
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Despite the advantages of reduced blood loss inherent in
MIS, surgeons must remain vigilant and adept at managing
hemostasis throughout the surgery. Hemostasis involves con-
trolling bleeding from blood vessels, and in the context of
MIS, this is particularly crucial as the smaller incisions may
limit direct visualization and access to bleeding sites. The use
of specialized instruments, energy devices, and meticulous
techniques becomes paramount in ensuring effective hemos-
tasis and minimizing the risk of complications related to
excessive bleeding during and after the procedure. In the
event that bleeding becomes challenging to control through
the small incisions, surgeons may need to consider conver-
sion to an open procedure [81,82]. While the goal of MIS is to
avoid the need for larger incisions, converting to an open
surgery allows for better access and control in cases of per-
sistent or severe bleeding. This decision is typically made to
prioritize patient safety and ensure that bleeding is ade-
quately addressed to prevent complications such as hema-
toma formation, reduced oxygen delivery to tissues, or the
need for blood transfusions. The ability to adapt and make
real-time decisions regarding the need for conversion under-
scores the importance of the surgeon’s skill and experience in
managing potential complications during MIS. Addressing
bleeding complications in MIS involves a comprehensive
and proactive approach, including thorough preoperative
assessment, careful intraoperative management, and clear
communication within the surgical team [83]. Technologies
such as advanced imaging and hemostatic agents may also
play a role in minimizing the risk of bleeding. While bleeding
is a recognized complication in MIS, the emphasis on meticu-
lous technique and the ability to adapt to unforeseen chal-
lenges contribute to maintaining the overall safety and effi-
cacy of minimally invasive procedures [84].

5.1.2 Infection

In the realm of MIS, the risk of infection is a consideration
despite the advantages of smaller incisions. While MIS
inherently reduces the risk of infection when compared
to open surgeries, it is not entirely immune to this compli-
cation. Infections can manifest at the incision sites, posing
a risk of superficial wound infections, or internally, parti-
cularly in procedures involving the gastrointestinal or
urinary tract where microbial exposure is more likely.
The reduced tissue trauma associated with MIS is a positive
factor in minimizing infection risk, but the careful manage-
ment of aseptic conditions during the procedure and meti-
culous attention to infection prevention protocols remain
critical elements in mitigating the potential for postopera-
tive infections [85,86]. Preventive measures play a key role
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in addressing the risk of infection in MIS. Surgeons adhere
to strict aseptic techniques throughout the procedure to
minimize the introduction of microbes into the surgical
site. Additionally, the administration of prophylactic anti-
biotics is a common practice to further reduce the risk of
postoperative infections. Prophylactic antibiotics are typi-
cally given shortly before the surgical procedure, aiming to
provide sufficient coverage during the critical periopera-
tive period. The choice of antibiotics is guided by factors
such as the type of surgery, patient-specific considerations,
and local antimicrobial resistance patterns. This strategic
use of antibiotics is a proactive approach to infection pre-
vention in MIS, aligning with broader efforts to optimize
patient safety and minimize postoperative complications
[87]. Despite these preventive measures, the risk of infec-
tion remains a potential complication, and early detection
and intervention are crucial in managing such cases. Post-
operative monitoring for signs of infection, such as red-
ness, swelling, warmth, or discharge at the incision sites,
allows for timely intervention and appropriate treatment.
The multifaceted approach of minimizing microbial expo-
sure, administering prophylactic antibiotics, and vigi-
lant postoperative monitoring collectively contribute
to the comprehensive strategy employed in MIS to reduce
the risk of infections and enhance overall patient
safety [88].

5.1.3 Organ damage

Organ damage is a recognized but relatively uncommon
complication in MIS. Despite the precision and control
offered by MIS techniques, there is a potential risk of unin-
tended injury to organs or nearby structures during pro-
cedures. In laparoscopic or robotic surgeries, instruments
are introduced through small ports, and the limited field of
view can pose challenges in certain anatomical regions.
Surgeons must navigate with precision and spatial aware-
ness to avoid inadvertent damage to adjacent organs [89].
The reduced tactile feedback compared to open surgeries
requires a heightened reliance on visual cues and the sur-
geon’s expertise in maneuvering instruments delicately
within confined spaces. Vigilance and skill are paramount
in minimizing the risk of organ damage during MIS. Sur-
geons undergo extensive training to develop the dexterity
and spatial orientation required for these procedures.
Additionally, advancements in imaging technologies, such
as 3D visualization and improved camera systems, aim
to enhance the surgeon’s perspective and reduce the risk
of unintended injuries. However, in some cases, despite
the best efforts, injury to blood vessels, nerves, or other
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structures may occur. Recognizing and addressing such
injuries promptly is crucial for patient safety. In instances
where the complexity of the situation requires better
visualization and control, conversion to an open procedure
may be necessary. This decision allows the surgeon to
address the damage more effectively and mitigate potential
complications associated with organ injuries [86,90]. The
risk of organ damage underscores the importance of a
surgeon’s experience and proficiency in MIS procedures.
Furthermore, ongoing advancements in surgical technolo-
gies and training methods aim to continually improve safety
measures and minimize the occurrence of unintended inju-
ries. While MIS offers numerous benefits, including reduced
trauma and faster recovery, the potential for organ damage
necessitates a balanced and informed approach, with sur-
geons being well-prepared to manage any unforeseen
challenges that may arise during these minimally invasive
interventions [91].

5.2 Specific complications based on type
of MIS

5.2.1 Laparoscopic complications

5.2.1.1 Trocar site complications

Trocar site complications represent a subset of potential
issues in MIS procedures. Trocars are specialized instru-
ments used to create access ports through which surgical
instruments and cameras are introduced into the body
during laparoscopic or robotic surgeries. While these instru-
ments facilitate minimally invasive techniques, the sites
where trocars are inserted can pose challenges. Trocar site
hernias are a rare but notable complication, where abdom-
inal contents protrude through the port site. This complica-
tion arises when there is inadequate closure of the trocar
site, allowing for the displacement of tissues and organs [92].
Preventing trocar site complications involves meticulous
attention to closure techniques by the surgical team. Sur-
geons must ensure that trocar sites are appropriately closed
and secured at the conclusion of the procedure. The closure
technique may vary based on factors such as the size of the
trocar and the thickness of the abdominal wall. Techniques
such as fascial closure and the use of closure devices or
sutures are employed to minimize the risk of herniation
or other complications associated with trocar insertion. Sur-
geons may also consider the patient’s individual character-
istics, such as obesity or a history of abdominal surgeries,
when determining the optimal closure method to mitigate
the risk of trocar site complications [93]. While trocar site
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complications are relatively rare, their occurrence under-
scores the importance of thorough surgical technique and
postoperative monitoring. Regular follow-up assessments
allow for the early detection of complications, enabling
timely intervention if issues such as hernias or infec-
tions arise. As technology and surgical methods continue
to advance, ongoing refinements in trocar design and
closure techniques aim to further minimize the risk of
trocar site complications, ensuring that the benefits of
MIS are maximized while maintaining a focus on patient
safety [94].

5.2.1.2 Complications related to pneumoperitoneum

Complications related to pneumoperitoneum, the insuffla-
tion of carbon dioxide to create a working space during
laparoscopic surgery, are important considerations in MIS.
While pneumoperitoneum is a necessary step for optimal
visualization and manipulation of internal organs, it intro-
duces the potential for certain complications. Cardiovascular
and respiratory effects are among the primary concerns
associated with pneumoperitoneum. The increased intra-
abdominal pressure can impact venous return to the heart,
potentially leading to changes in cardiac output and blood
pressure [95]. Additionally, the elevated pressure can affect
respiratory mechanics, influencing factors such as lung com-
pliance and airway pressures. Surgeons and anesthesiologists
carefully monitor these physiological parameters during MIS
procedures to promptly address any cardiovascular or
respiratory changes and ensure patient safety. Subcutaneous
emphysema is another rare but notable complication linked to
pneumoperitoneum. It occurs when carbon dioxide escapes
into the subcutaneous tissues, causing localized swelling and
crepitus beneath the skin [96]. While subcutaneous emphy-
sema is typically benign and self-limiting, its occurrence can
be disconcerting for patients. Surgeons take measures to
minimize the risk of subcutaneous emphysema by carefully
managing insufflation pressures and ensuring proper clo-
sure of port sites to prevent gas leakage. Gas embolism
represents a more serious and potentially life-threatening
complication associated with pneumoperitoneum. This
occurs when carbon dioxide enters the bloodstream,
forming bubbles that can travel to the heart or lungs. Gas
embolism is rare but can lead to cardiovascular collapse and
respiratory compromise. Stringent safety measures,
including meticulous attention to insufflation techniques,
continuous monitoring of intra-abdominal pressures, and
immediate response to any signs of gas embolism, are inte-
gral components of risk mitigation during MIS procedures
[97]. While the benefits of pneumoperitoneum in facilitating
minimally invasive techniques are substantial, the potential
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complications necessitate a cautious and vigilant approach
by the surgical team. Continuous monitoring, adherence to
safety protocols, and prompt intervention in the event of
complications are essential for ensuring the overall safety
and success of laparoscopic surgeries. As technology and tech-
niques in MIS continue to evolve, ongoing efforts are directed
toward refining safety measures associated with pneumo-
peritoneum to further enhance patient outcomes [98].

5.2.2 Robotic complications

5.2.2.1 Technical failures

Technical failures in robotic-assisted surgery represent a
potential challenge that surgeons and operating teams
must be prepared to handle. Robotic-assisted surgery relies
on intricate robotic systems with multiple components,
including robotic arms, control consoles, and advanced soft-
ware. Despite the sophistication of these systems, technical
failures can occur, ranging from malfunctions in robotic
arms to errors in the overall robotic system. Surgeons and
the operating team undergo extensive training to familiarize
themselves with the robotic platform and, importantly, to be
adept at recognizing and responding to technical issues
promptly [99]. Robotic arm malfunctions are among the
technical failures that can impact robotic-assisted surgery.
These malfunctions may include issues with movement pre-
cision, joint stiffness, or communication errors between
the surgeon’s console and the robotic arms. Surgeons are
trained to assess and troubleshoot these issues during a
procedure, and protocols are in place to ensure rapid com-
munication between the surgeon, the robotic system, and
the support team. Regular maintenance and system checks
are conducted to minimize the risk of technical failures, but
in the event that issues arise, the ability to swiftly address
them is critical for the seamless continuation of the surgery
[100]. The impact of technical failures goes beyond the
immediate surgical procedure. Delays or disruptions due
to technical issues can potentially affect the overall effi-
ciency of the operating room and patient outcomes. Conse-
quently, the preparedness of the surgical team to manage
technical failures is an integral aspect of the successful
implementation of robotic-assisted surgery. As tech-
nology continues to advance, ongoing training programs
and continuous improvement initiatives aim to further
enhance the resilience of robotic systems and the ability
of surgical teams to navigate and mitigate technical chal-
lenges effectively. The collaborative efforts of surgeons,
engineers, and support staff play a pivotal role in ensuring
the reliability and safety of robotic-assisted surgical proce-
dures [101].
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5.2.2.2 Learning curve

The learning curve is a significant consideration when
incorporating robotic-assisted surgery into a surgeon’s skill
set. While robotic systems offer enhanced capabilities, the tran-
sition from traditional surgical methods to mastering this
advanced technology involves a learning curve. Surgeons
must become familiar with the unique interface of the robotic
console, hand controls, and 3D visualization. The learning
curve encompasses developing proficiency in controlling
robotic arms, manipulating instruments, and navigating the
robotic system to perform precise and efficient procedures
[101,102]. As with any new surgical technique, the initial phases
of the learning curve may result in longer operative times and
increased complexities as surgeons acclimate to the nuances of
robotic-assisted surgery. The challenges associated with the
learning curve can have implications for patient outcomes.
Longer operative times may translate to extended exposure
to anesthesia and prolonged pneumoperitoneum, factors that
can contribute to increased patient discomfort and potential
complications. Additionally, the risk of intraoperative errors
may be higher during the early stages of the learning curve
[103]. Surgeons, as well as the broader surgical team, are proac-
tive in addressing these challenges by engaging in structured
training programs and simulation exercises to accelerate the
learning process. The goal is to ensure a smooth transition to
proficiency in robotic-assisted surgery, minimizing the impact
on operative times and patient outcomes. Ongoing advance-
ments in training methods, virtual reality (VR) simulations, and
mentorship programs aim to streamline the learning curve
associated with robotic-assisted surgery. As surgeons gain
experience and confidence in utilizing robotic systems, the
benefits of enhanced precision, reduced trauma, and faster
patient recovery become more pronounced. The learning
curve is a dynamic aspect of incorporating new technologies
into surgical practices, and the commitment to continuous
education and skill refinement plays a pivotal role in opti-
mizing the utilization of robotic-assisted surgery for improved
patient care [104].

5.2.3 Endoscopic complications

5.2.3.1 Perforations

Perforations represent a potential and serious complica-
tion in endoscopic procedures, particularly in delicate tis-
sues where the risk is heightened. Endoscopic procedures
involve the insertion of a flexible tube equipped with a
light and camera through natural openings or small inci-
sions, enabling visualization and intervention in internal
organs. The risk of perforation arises when there is unin-
tended damage to the wall of an organ or structure,
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creating an opening that can lead to various complications.
Delicate tissues, such as those in the gastrointestinal tract
during abdominal endoscopy or in the thoracic region
during procedures like bronchoscopy, are particularly vul-
nerable to perforations [105]. Complications resulting from
perforations can vary based on the anatomical location. In
abdominal procedures, perforations may lead to perito-
nitis, which is the inflammation of the peritoneum - the
membrane lining the abdominal cavity. Peritonitis is a ser-
ious condition that can result from the leakage of digestive
fluids or other contents into the abdominal cavity, trig-
gering an inflammatory response. In thoracic procedures,
such as esophageal or bronchial endoscopy, perforations
can lead to mediastinitis, which is inflammation in the
mediastinum - the space between the lungs containing
the heart, major blood vessels, and other structures [106].
Both peritonitis and mediastinitis can be associated with
significant morbidity and require prompt intervention to pre-
vent further complications. Preventing perforations during
endoscopic procedures is a critical aspect of the surgeon’s
skill set. Surgeons must exercise caution, precision, and a
thorough understanding of the anatomy to minimize the
risk of inadvertent damage to tissues. Advances in endoscopic
technology, including improved visualization and instrument
control, aim to enhance the surgeon’s ability to navigate and
intervene safely. Additionally, ongoing training and adher-
ence to procedural guidelines contribute to the overall safety
of endoscopic interventions, ensuring that the benefits of
minimally invasive techniques are maximized while mini-
mizing the risk of complications such as perforations [107].

5.2.3.2 Complications related to anesthesia

Complications related to anesthesia are important consid-
erations in endoscopic procedures, where the use of anesthesia
is common to ensure patient comfort and immobilization
during the intervention. Respiratory issues represent a signifi-
cant concern, especially when patients are under deep seda-
tion or general anesthesia. The depressant effects of anesthesia
on the respiratory system can lead to challenges such as airway
obstruction, hypoventilation, or even respiratory arrest [108].
Careful monitoring of vital signs, including oxygen saturation
levels and end-tidal carbon dioxide, is essential to promptly
detect and address any respiratory complications during endo-
scopic procedures. Adverse reactions to anesthetic agents can
also occur and manifest in various ways. Allergic reactions,
although rare, can result in symptoms ranging from mild
skin rashes to severe anaphylaxis. Additionally, the adminis-
tration of anesthetic agents may impact cardiovascular func-
tion, potentially leading to complications such as changes in
blood pressure or heart rhythm disturbances. Anesthetic
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management requires thorough preoperative assessment,
including a detailed patient history and identification of any
known allergies or adverse reactions [109]. Anesthesia provi-
ders are trained to administer agents judiciously, monitor
patients closely, and be prepared to intervene promptly in
the event of any adverse reactions, ensuring the overall safety
of the endoscopic procedure. Cardiopulmonary complications
are another subset of concerns related to anesthesia in endo-
scopic procedures. The administration of anesthesia can influ-
ence both the cardiovascular and respiratory systems, and
patients with pre-existing conditions such as heart or lung
diseases may be at increased risk. Close collaboration between
the anesthesia team and the endoscopist is essential to tailor
the anesthesia plan to the patient’s individual needs and med-
ical history. In instances where patients have specific risk fac-
tors, such as a history of cardiac issues, the anesthesia team
may employ advanced monitoring techniques and consider
alternative anesthesia approaches to mitigate the risk of com-
plications. The safe administration of anesthesia is a critical
component of endoscopic procedures [110]. The anesthesia
team’s vigilance, thorough preoperative assessments, and
prompt intervention in response to any complications con-
tribute to the overall success and safety of endoscopic inter-
ventions. As with any medical procedure, a collaborative
and multidisciplinary approach involving both endoscopists
and anesthesia providers is essential to optimize patient
outcomes and minimize the risk of anesthesia-related com-
plications [111].

5.3 Management of complications
5.3.1 Preoperative planning

Preoperative planning plays a pivotal role in ensuring the
success and safety of medical procedures, and this is espe-
cially true in the context of endoscopic interventions.
Surgeons engaged in endoscopic procedures must embark
on a comprehensive preoperative assessment that extends
beyond the immediate focus of the intervention. Patient
history is scrutinized to identify underlying health condi-
tions, previous surgeries, and potential risk factors that
might influence the procedure. An understanding of comor-
bidities, medications, and allergies is crucial in tailoring the
approach to anesthesia and mitigating the risk of complica-
tions [111,112]. This detailed examination sets the foundation
for a personalized and patient-centric plan that considers
the individual’s unique physiological and anatomical char-
acteristics. Adequate imaging studies are integral compo-
nents of preoperative planning in endoscopy. Advanced
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imaging techniques, such as computed tomography, mag-
netic resonance imaging, or endoscopic ultrasound, provide
detailed insights into the anatomy and pathology of the
target area. These studies help surgeons identify potential
challenges, such as the presence of anatomical variations,
lesions, or adhesions that may impact the course of the pro-
cedure. Armed with this information, surgeons can develop a
meticulous and strategic surgical plan, anticipating potential
complications and implementing measures to address them
proactively. Preoperative planning not only contributes to the
efficiency of the intervention but also enhances patient safety
by minimizing unforeseen challenges and optimizing the
overall success of endoscopic procedures [113].

5.3.2 Intraoperative strategies

5.3.2.1 Monitoring

Monitoring is a cornerstone of MIS, ensuring the contin-
uous assessment of a patient’s physiological status during
the procedure. Real-time monitoring of vital parameters,
including blood pressure, heart rate, and oxygen satura-
tion, is crucial for the early detection and prompt response
to any physiological changes. These parameters provide
insights into the patient’s cardiovascular and respiratory
function, offering a comprehensive picture of their physio-
logical well-being throughout the surgery. Anomalies in
these vital signs can serve as early indicators of potential
complications, allowing the surgical team to take immediate
corrective actions and ensure patient safety [114]. In addi-
tion to conventional vital sign monitoring, advanced tools
and technologies have been integrated into MIS to further
enhance the surgeon’s ability to visualize and manage com-
plications. Intraoperative imaging, such as fluoroscopy or
real-time ultrasound, provides dynamic visuals of the sur-
gical field, enabling the surgeon to navigate with precision
and detect any unexpected challenges. This real-time ima-
ging not only aids in the accurate placement of instruments
but also allows for the timely identification of complications
such as bleeding, inadvertent injuries, or anatomical varia-
tions [115]. The combination of comprehensive physiological
monitoring and advanced imaging technologies represents a
synergistic approach in MIS, empowering the surgical team to
deliver optimal care by responding promptly to any changes
or challenges encountered during the procedure [115].

5.3.2.2 Surgeon training

Surgeon training is a critical component in the successful
implementation of MIS. Given the unique skills and tech-
niques required for MIS procedures, surgeons and the
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entire operating team undergo rigorous training to ensure
proficiency in handling specialized instruments, navigating
intricate anatomical structures, and recognizing potential
complications. The complexity of MIS demands a level of
dexterity and spatial awareness distinct from traditional
open surgeries. Surgeons must become adept at manipu-
lating long, slender instruments through small incisions or
natural orifices, often relying on hand-eye coordination and
3D visualization provided by advanced imaging systems
[116]. Simulation training and mentorship programs play
pivotal roles in the development of skills needed for MIS.
Simulators offer a controlled environment where surgeons
can practice and refine their techniques without the pres-
sures of an actual surgical procedure. These training tools
provide realistic scenarios, allowing surgeons to navigate
various challenges they might encounter during MIS inter-
ventions. Mentorship programs, where experienced sur-
geons guide and share their expertise with less experienced
colleagues, contribute to the transfer of knowledge and skill
refinement. The combination of didactic education, hands-on
simulation training, and mentorship ensures that surgeons
are well-prepared to handle the nuances of MIS, promoting
patient safety and optimal surgical outcomes [116,117].

5.3.2.3 Team communication

Team communication is a cornerstone of successful MIS,
where a well-coordinated and collaborative team can sig-
nificantly contribute to positive outcomes. The surgical
team, composed of the surgeon, anesthesiologist, nurses,
and other support staff, relies on effective communication
to navigate through the complexities of MIS procedures.
Clear and open lines of communication ensure that each
team member is aware of the surgical plan, patient status,
and any potential challenges that may arise during the
procedure. This proactive exchange of information lays
the groundwork for a shared understanding of roles and
responsibilities, fostering a cohesive environment where
everyone is poised to act swiftly and effectively in response
to unexpected situations or complications. In the dynamic
setting of the operating room, real-time communication is
crucial for adapting to evolving circumstances [118]. Whether
it is addressing changes in patient physiology, unexpected
anatomical findings, or technical issues, a well-functioning
communication system allows the surgical team to respond
promptly. This coordinated approach not only enhances the
safety of the procedure but also contributes to the overall
efficiency and success of MIS interventions. Regular team
briefings, debriefings, and a culture that encourages open
dialogue create a collaborative environment where each
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team member’s expertise is valued, leading to better deci-
sion-making and improved patient outcomes [119].

5.3.3 Postoperative care

5.3.3.1 Monitoring recovery

Close postoperative monitoring is essential to identify and
address complications during the recovery phase. Continuous
assessment of vital signs, pain management, and early detec-
tion of signs of infection or bleeding contribute to optimal
postoperative care [119,120].

5.3.3.2 Rehabilitation

Rehabilitation strategies play a role in the recovery pro-
cess. Physical therapy and rehabilitation programs may be
recommended to aid patients in regaining function and
mobility, especially in procedures involving joints or mus-
culoskeletal structures [120].

6 Limitations of MIS

MIS has transformed the landscape of surgical interven-
tions, offering numerous advantages; however, it is not
without its limitations. Despite its widespread adoption
and success in various medical specialties, there are chal-
lenges and constraints associated with MIS techniques.
Understanding these limitations is crucial for both sur-
geons and patients to make informed decisions, manage
expectations, and optimize outcomes [120,121].

6.1 Learning curve and training

The learning curve is a notable limitation in the adoption
of MIS. Surgeons transitioning from traditional open techni-
ques to MIS, including laparoscopy or robotic-assisted sur-
gery, often encounter a period of adaptation and learning.
The techniques involved in MIS demand a high level of
hand-eye coordination and precision, skills that may not
be as prominently featured in traditional open surgeries
[122]. The shift to navigating long, slender instruments
through small incisions or manipulating robotic systems
requires a significant adjustment in technique, making it
essential for surgeons to undergo specialized training to
become proficient in these minimally invasive approaches.
During the initial phases of the learning curve, surgeons
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may experience longer operative times compared to their
counterparts using open techniques. The need for a meticu-
lous approach and the mastery of new technologies contri-
bute to this temporary extension of surgical durations.
Additionally, there may be an associated increase in the risk
of complications as surgeons become accustomed to the
nuances of MIS [123]. These complications can include inad-
vertent injuries, suboptimal placement of instruments, or chal-
lenges in suturing and knot tying. The recognition of this
learning curve limitation underscores the importance of struc-
tured training programs and mentorship to facilitate a
smoother transition and enhance the overall safety and effi-
cacy of MIS procedures. Specialized training programs play a
crucial role in mitigating the challenges associated with the
learning curve in MIS. Simulation training, where surgeons
can practice in a controlled environment, provides a valuable
opportunity to refine skills and gain confidence before per-
forming procedures on actual patients [124]. Additionally,
mentorship programs, where experienced MIS surgeons
guide and share their expertise, contribute to the transfer
of knowledge and skill refinement. Continuous advance-
ments in training methods aim to expedite the learning
curve and ensure that surgeons can embrace MIS techniques
with proficiency, ultimately maximizing the benefits of mini-
mally invasive approaches for improved patient care [125].

6.2 Limited range of motion and
maneuverability

The limited range of motion and maneuverability of instru-
ments in MIS can present challenges, particularly in pro-
cedures that demand intricate and complex movements. In
laparoscopic procedures, the instruments used are rigid
and operate in a straight-line manner, which may restrict
the surgeon’s ability to navigate and manipulate tissues
with the same freedom as open surgeries. This constraint
is particularly evident in surgeries requiring delicate and
precise maneuvers, such as suturing in confined spaces or
performing intricate dissections [125,126]. The restricted
range of motion can be a limiting factor in achieving
optimal outcomes, and surgeons need to adapt their tech-
niques to work within these constraints while maintaining
precision. Robotic-assisted surgery, with its advanced robotic
arms and improved dexterity, represents a significant advance-
ment over traditional laparoscopy. However, even in robotic
procedures, there are limitations to the range of motion of
robotic arms. The robotic system is designed to replicate the
movements of the surgeon’s hands, but it may not entirely
mimic the full spectrum of human motion. Surgeons must
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navigate within the defined range of motion of the robotic
arms, which can be a consideration in surgeries that demand
intricate and multidimensional movements [127]. While robotic
systems provide enhanced maneuverability compared to
laparoscopy, there remains a need for surgeons to carefully
plan and execute their procedures, taking into account the
specific capabilities and limitations of the robotic platform.
The adaptation of techniques and strategies to work within
the confines of limited range of motion is a key aspect of the
surgeon’s skill set in MIS. Surgeons often undergo specialized
training to optimize their proficiency in using laparoscopic or
robotic instruments effectively. This includes developing stra-
tegies to achieve the desired outcomes despite the constraints,
such as using specific trocar placements, altering instrument
angles, or employing innovative approaches to accomplish
complex tasks. As technology continues to evolve, there is
ongoing research and development aimed at enhancing the
maneuverability of instruments in MIS, seeking to address
these limitations and further improve the feasibility and suc-
cess of minimally invasive procedures [128].

6.3 Lack of tactile feedback

The absence of tactile feedback is a distinctive limitation of
MIS, setting it apart from traditional open surgery where
surgeons can directly feel tissues and structures with their
hands. In MIS, the surgeon relies solely on visual informa-
tion obtained from imaging devices, such as laparoscopes or
robotic systems. While these visual cues provide detailed
views of the operative field, the inability to physically feel
tissues can be a significant disadvantage. Tactile feedback is
valuable in open surgery for assessing the texture, consis-
tency, and tension of tissues, which aids in identifying ana-
tomical structures, detecting abnormalities, and making
real-time adjustments based on the surgeon’s tactile percep-
tions [129]. The lack of tactile feedback in MIS can pose chal-
lenges in accurately interpreting the surgical field. Subtle
variations in tissue characteristics that might be indicative
of pathology may be challenging to discern through visual
cues alone. For instance, identifying the boundaries of a
tumor or distinguishing between normal and abnormal tis-
sues may require a heightened reliance on imaging, poten-
tially increasing the risk of overlooking subtle abnormalities.
This limitation is particularly notable in procedures where
precise tissue manipulation is crucial, such as delicate dissec-
tions or suturing [130]. Surgeons must compensate for the
absence of tactile feedback by developing a keen under-
standing of visual cues and honing their skills in interpreting
two-dimensional (2D) representations of 3D anatomical



16 — Zulfkar Qadrie et al.

structures. The reliance on visual information over tactile
sensations also contributes to a steeper learning curve in
MIS. Surgeons transitioning from open to minimally invasive
techniques need to adapt to a different sensory paradigm.
Developing proficiency in interpreting visual cues and trans-
lating them into precise actions requires time and practice.
While advancements in imaging technologies aim to enhance
the visual information provided during MIS, efforts are ongoing
to explore innovative solutions that may introduce some form
of tactile feedback to further bridge the gap between open and
minimally invasive surgical approaches [131].

6.4 Patient selection

Patient selection is a critical consideration in the applica-
tion of MIS, as certain patient factors can influence the
feasibility and success of these procedures. One notable
factor is obesity, where the increased thickness of adipose
tissue can present challenges in the visualization and
manipulation of structures. In laparoscopic procedures,
the limited range of instruments may be less effective in obese
patients due to the additional layer of fat, potentially compro-
mising the surgeon’s ability to navigate and operate with pre-
cision [132]. Adequate exposure and visualization are essential
in MIS, and in obese patients, these may be compromised,
necessitating careful evaluation of the risks and benefits
before opting for a minimally invasive approach. Anatomical
variations among patients can also impact the suitability of
MIS. Individuals may exhibit differences in the location, size,
or configuration of internal structures, influencing the acces-
sibility of these structures during minimally invasive proce-
dures. Surgeons must carefully consider these variations and
assess whether the specific anatomical characteristics of a
patient might pose challenges in terms of instrument access,
maneuverability, or the ability to achieve optimal visualiza-
tion. In cases where anatomical variations may impede the
feasibility of MIS, alternative approaches or open surgical
techniques may need to be considered to ensure the safety
and effectiveness of the procedure [133]. The consideration of
patient selection in MIS extends beyond anatomical factors to
encompass overall health status and comorbidities. Certain
medical conditions or pre-existing health concerns may
impact a patient’s ability to tolerate the pneumoperitoneum
required for laparoscopic procedures or influence their
overall recovery following surgery. A comprehensive assess-
ment of patient factors, including obesity, anatomical varia-
tions, and general health status, is essential in determining
the appropriateness of MIS. This individualized approach
ensures that the chosen surgical technique aligns with the
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patient’s characteristics and maximizes the likelihood of a
successful outcome while minimizing potential complica-
tions [134].

6.5 Complexity of procedures

The complexity of procedures is a significant consideration
when deciding on the suitability of MIS. While MIS has
proven effective for a broad spectrum of surgeries, certain
complex procedures may be better addressed through
open techniques. The confined space and limited visibility
inherent in MIS can pose challenges, particularly in sur-
geries involving extensive tissue resection, complex recon-
structions, or those requiring multiple interventions. For
instance, surgeries involving intricate anatomical structures
or delicate manipulations may demand a level of precision
and tactile feedback that is more readily achieved through
open approaches [135]. In certain cases, the feasibility and
success of MIS may be compromised by the complexity of
the procedure. The restricted range of motion of instru-
ments and the 2D visualization provided by laparoscopes
or robotic systems may present limitations in addressing
the intricacies of complex surgeries. Surgeons must care-
fully weigh the benefits and drawbacks of MIS for each
specific clinical scenario. While MIS is celebrated for its
reduced trauma, faster recovery times, and improved cosm-
esis, these advantages must be balanced against the tech-
nical challenges posed by the complexity of certain proce-
dures. The decision to opt for MIS or open surgery involves a
nuanced evaluation of the unique requirements of each
case, aiming to optimize patient outcomes while ensuring
the safety and effectiveness of the chosen surgical approach.
Surgeons play a crucial role in assessing the complexity of
procedures and making informed decisions about the most
appropriate surgical approach [136]. The evolution of MIS
techniques and technologies continues to expand the range
of procedures that can be successfully performed using
minimally invasive methods. However, ongoing research
and advancements are necessary to address the challenges
associated with complex surgeries, aiming to further enhance
the capabilities of MIS and broaden its applicability across a
diverse array of clinical scenarios [137].

6.6 Cost and resources

The cost and resource considerations associated with MIS
are pivotal factors influencing its adoption and accessibility.
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The initial setup and investment in MIS equipment, particu-
larly robotic systems, can represent a substantial financial
commitment. Although the costs associated with MIS have
decreased over time, driven by advancements in technology
and increased adoption, these procedures may still be more
expensive than traditional open surgeries. The acquisition
of state-of-the-art equipment, such as laparoscopic instru-
ments or robotic-assisted systems, contributes to the upfront
expenses, and the financial implications extend beyond the
initial investment to include ongoing maintenance, upgrades,
and training costs [138]. Maintenance and training costs are
ongoing considerations in the utilization of MIS. Ensuring that
equipment remains in optimal condition requires regular
maintenance, calibration, and occasional upgrades. Training
healthcare professionals in MIS techniques, especially for
new technologies like robotic-assisted surgery, is essential
for achieving proficiency and optimizing patient outcomes.
These ongoing costs contribute to the overall financial con-
siderations associated with MIS [44]. In settings with limited
resources, both in terms of financial constraints and trained
personnel, the accessibility and affordability of MIS may
become a limiting factor, potentially impacting the wide-
spread adoption of these advanced surgical techniques. The
cost-effectiveness of MIS also depends on factors such as
reduced hospital stays, lower infection rates, and faster
recovery times. While the initial investment may be higher,
the overall economic benefits, including reduced healthcare
utilization and improved patient outcomes, can offset these
costs. However, healthcare institutions and policymakers
must carefully weigh the financial considerations against
the clinical advantages to make informed decisions about
the integration and sustainability of MIS within their health-
care systems. Efforts to enhance cost-effectiveness, such as
optimizing resource utilization and investing in training
programs, are crucial for ensuring the continued accessi-
bility and affordability of MIS in diverse healthcare settings
[139].

6.7 Complications and conversions

MIS is generally recognized for its association with fewer
complications compared to open surgeries. However, it is
important to acknowledge that complications can still arise
in MIS procedures. Unforeseen challenges, such as unex-
pected anatomical variations, bleeding complications,
or difficulties in instrument manipulation, may occur
during the course of an MIS [99]. While surgeons are adept
at navigating through these challenges in many cases,
there are instances where the complexity or severity of
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complications necessitate a transition from a minimally
invasive approach to an open procedure. Complications
that may prompt conversion to an open procedure include
situations where the limited visibility and constrained
range of motion in MIS become significant barriers to
effectively manage challenges. For example, in cases of
unexpected bleeding, the restricted access and reduced
tactile feedback in MIS may make it challenging for the
surgeon to achieve hemostasis or adequately visualize
the source of bleeding. In such circumstances, converting
to an open approach allows the surgeon greater control,
direct visualization, and the ability to address complications
with more traditional surgical techniques. The decision to
convert from MIS to open surgery is a dynamic and complex
one, requiring the surgeon’s expertise and judgment [140].
While MIS is often preferred for its reduced trauma and
faster recovery times, the option to convert provides a safety
net for managing unexpected complications effectively. It
underscores the importance of surgeon experience, adapt-
abhility, and the ability to make real-time decisions based on
the patient’s specific clinical scenario. Postoperative debrief-
ings and analyses of cases that require conversion contri-
bute to ongoing improvements in surgical protocols and
decision-making, enhancing the overall safety and success
of minimally invasive procedures [141].

6.8 Not universally applicable

Despite its numerous advantages, MIS is not universally
applicable to all surgical scenarios. There are specific
pathologies and anatomical considerations that may limit
the feasibility and effectiveness of minimally invasive
approaches. For instance, complex fractures or tumors
located in challenging anatomical regions may necessitate
open procedures for optimal visualization and interven-
tion [142]. The confined spaces and limited maneuver-
ability in certain anatomical locations may impede the
surgeon’s ability to perform intricate and precise proce-
dures through minimally invasive means. The decision to
opt for open surgery over MIS is often guided by the spe-
cific requirements of each case. While MIS is celebrated for
its reduced trauma, faster recovery times, and improved
cosmesis, the diversity of surgical cases mandates a perso-
nalized approach. Surgeons must carefully evaluate the
nature of the pathology, the location of the lesion or injury,
and the overall anatomical considerations to determine the
most appropriate surgical approach. In situations where
the benefits of MIS may be compromised by the complexity
or location of the pathology, open procedures offer the
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advantage of providing direct access, enhanced visibility,
and greater control over the surgical field [143]. The limita-
tions in the universality of MIS underscore the importance
of individualizing treatment plans based on patient char-
acteristics and the specific nature of the pathology. The
goal is to optimize patient outcomes by selecting the
most suitable surgical approach for each unique case.
Advances in surgical techniques, technology, and ongoing
research aim to expand the applicability of MIS, but sur-
geons must exercise discretion in choosing the most appro-
priate approach based on the intricacies of each clinical
scenario [144].

6.9 Pneumoperitoneum-related effects

The creation of pneumoperitoneum, which involves inflating
the abdominal cavity with carbon dioxide, is a fundamental
step in laparoscopic surgeries. While this technique provides
the necessary workspace for minimally invasive procedures,
it is not without its potential limitations. One significant con-
sideration is the impact of pneumoperitoneum on intra-
abdominal pressure. The insufflation of carbon dioxide leads
to an increase in intra-abdominal pressure, which can have
physiological implications [145]. Elevated intra-abdominal
pressure may affect hemodynamics, venous return, and
organ perfusion, posing potential challenges, especially in
patients with pre-existing cardiovascular conditions. Cardio-
vascular and respiratory effects related to pneumoperito-
neum can be a concern, particularly in patient populations
with underlying cardiopulmonary conditions. The increased
intra-abdominal pressure may influence cardiovascular para-
meters, such as blood pressure and heart rate. In patients
with compromised cardiac function, these changes may be
less tolerable, requiring careful monitoring and management
during the surgical procedure. Additionally, the respiratory
system may be affected, leading to changes in lung mechanics
and potential alterations in oxygenation and carbon dioxide
levels [146]. Surgeons and anesthesiologists must take into
account the patient’s baseline health status and tailor the
insufflation parameters to minimize adverse effects, ensuring
the safety and stability of the patient throughout the laparo-
scopic procedure. Patient selection and thorough preopera-
tive assessments are crucial in mitigating the potential risks
associated with pneumoperitoneum-related effects. Surgeons
need to consider the overall health status of the patient, espe-
cially the condition of the cardiovascular and respiratory
systems, when determining the appropriateness of laparo-
scopic surgery. In cases where the risks associated with pneu-
moperitoneum may outweigh the benefits of a minimally
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invasive approach, alternative surgical techniques or careful
management strategies may be considered to optimize patient
safety and outcomes [147]. Ongoing research and advance-
ments in surgical practices aim to refine the use of pneumo-
peritoneum and enhance its safety profile, ensuring that the
benefits of minimally invasive procedures can be realized
across a broad spectrum of patients [148].

6.10 Limited access in challenging anatomy

MIS encounters limitations in scenarios where anatomical
access becomes challenging. Certain anatomical locations
present inherent difficulties for MIS due to their confined
spaces or complex structures. Accessing structures in den-
sely vascular areas or regions with intricate anatomical
features can be particularly demanding. For example, pro-
cedures involving the pelvis, where vital structures such as
blood vessels, nerves, and pelvic organs are closely situ-
ated, may pose challenges in achieving optimal access and
visualization [149]. The limited range of motion and reduced
maneuverability of instruments in MIS can become pro-
nounced in such anatomical contexts, potentially compro-
mising the surgeon’s ability to navigate and manipulate
tissues with precision. In cases of challenging anatomy,
the limitations in access during MIS may impact the sur-
geon’s capacity to perform complex procedures. Regions
with intricate anatomical structures, such as the head and
neck or certain areas within the abdominal cavity, require
meticulous and precise maneuvers. The confined spaces in
these anatomical locations may limit the range of motion of
laparoscopic instruments or robotic arms, making it challen-
ging to achieve the necessary degree of dexterity [150]. Sur-
geons must carefully assess the specific anatomical chal-
lenges posed by each case and weigh the benefits of MIS
against the potential limitations. In instances where access
proves to be a limiting factor, open surgical approaches may
provide the necessary direct access and visibility for optimal
intervention. Advancements in surgical technologies and
techniques aim to address the challenges associated with
limited access in challenging anatomy. The development
of more flexible and articulating instruments, as well as
innovations in imaging technologies, contributes to over-
coming some of the constraints imposed by anatomical
complexities. However, the decision to pursue MIS in chal-
lenging anatomical locations remains a nuanced one,
requiring a thorough understanding of the specific anato-
mical nuances and potential trade-offs between the benefits
of minimally invasive approaches and the need for optimal
access and maneuverability [151].



DE GRUYTER

6.11 Prolonged recovery times

Although MIS is frequently associated with quicker recovery,
some cases contradict this trend. Complications such as unde-
tected internal bleeding, infections, or delayed wound healing
can prolong recovery. These issues may arise because the
smaller incisions in MIS make it harder to detect and address
such complications early. Studies have shown that for certain
complex procedures, traditional open surgeries may offer
more predictable recovery trajectories [100].

6.12 Longer operative times

MIS, particularly robotic-assisted surgeries, often requires
extended operative times due to the complexity of the
setup, equipment handling, and surgeon familiarity. The
learning curve for MIS is steep, and during the initial
phase, this can lead to increased operative durations and
potentially higher complication rates [101].

6.13 Risks of complications

While the incidence of bleeding, infection, and organ
damage is generally lower in MIS than in open surgeries,
these risks are not negligible. For example, the lack of
tactile feedback during MIS can increase the likelihood of
inadvertent damage to adjacent structures. Additionally,
managing complications in MIS can be more challenging
due to the confined visual field and limited access [102].

6.14 Cost and accessibility

The financial burden associated with MIS remains a signifi-
cant barrier, particularly in underfunded or rural health-
care settings. Robotic-assisted systems, while offering
enhanced precision, are prohibitively expensive for many
institutions. The costs extend beyond the initial purchase to
include maintenance, upgrades, and specialized training for
surgeons and staff. This has created disparities in access,
with many patients in remote areas unable to benefit
from MIS due to the lack of infrastructure and exper-
tise [103].

MIS offers several advantages, such as less trauma,
quicker recovery, and better cosmetic results. However, it
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is also important to consider the downsides and challenges
of these techniques. In some cases, MIS can lead to longer
recovery times compared to traditional open surgeries. For
instance, while laparoscopic procedures usually reduce pain
after surgery, some patients might face delayed recovery
due to complications like internal bleeding or infections,
which are harder to detect because the surgery is less inva-
sive. In such cases, the benefit of smaller incisions may be
outweighed by the difficulty in closely monitoring the sur-
gical site afterward [100]. Another major challenge is the
high cost of MIS, particularly when robotic-assisted systems
are used. These systems require significant investment in
equipment, ongoing maintenance, and specialized training
for surgeons and staff. The high upfront and operational
costs make it hard for many healthcare centers, especially
those in rural or underfunded areas, to adopt these technol-
ogies. For example, robotic-assisted surgery is often too
expensive for hospitals in rural areas, worsening the health-
care access gap between urban and rural populations [101].
Additionally, there are risks of injury to nearby organs
during MIS because surgeons do not get the tactile feedback
they do in open surgeries. Instead of feeling the tissues, MIS
relies on visual feedback from cameras, which may not
always be precise enough. This can increase the risk of
accidentally damaging nearby structures, such as blood ves-
sels or nerves, especially during complex procedures like
gallbladder or prostate surgery. These issues can lead to
complications such as bleeding, infections, or damage to
organs, which may require a shift to traditional open sur-
gery for better control [80-85].

Furthermore, hospitals in remote areas face additional
challenges in adopting MIS due to a lack of advanced
technology and the high level of expertise needed. Many
hospitals in rural or underdeveloped regions cannot afford
the specialized equipment or training required for MIS.
Maintaining this equipment and keeping highly trained
surgeons is also difficult, especially since robotic systems
need regular maintenance and skilled operators, which
may not be feasible in low-resource settings. This creates
a significant barrier to widespread adoption of MIS in
these areas [111]. To overcome these issues, several solu-
tions are being explored. Efforts are being made to create
more affordable MIS technologies, so the benefits of these
advanced surgeries can be more accessible. In addition,
remote training programs and simulation-based education
are helping to increase the number of skilled surgeons, even
in under-resourced areas. Some healthcare systems are also
looking into mobile surgical units equipped with MIS tech-
nology that can be used in remote locations, helping to make
these advanced surgeries more widely available [112].
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7 Gaps in the literature

While MIS has made significant advancements in recent
years, several gaps in the current literature remain, high-
lighting areas where further research is needed. One of the
most prominent challenges is the high cost associated with
robotic-assisted surgery and the lack of access to advanced
MIS technologies, particularly in remote or under-resourced
regions. This limitation underscores the need for more cost-
effective solutions and technologies that can be adapted for
wider deployment, ensuring equitable access to MIS across
different healthcare settings [35-37]. Another critical area
that requires further exploration is the lack of tactile feed-
back in MIS procedures. Unlike traditional open surgery,
where surgeons rely heavily on tactile sensations to guide
their actions, MIS largely depends on visual information
provided by cameras and robotic systems. The absence of
this tactile feedback can complicate delicate procedures,
particularly those involving intricate anatomical structures.
Future research should focus on developing advanced
haptic feedback systems that could simulate the sense of
touch during MIS, potentially improving the precision and
safety of these procedures. Surgeon training is another
domain that demands continuous improvement [112-115].
The learning curve for mastering MIS techniques, particu-
larly robotic-assisted surgery, remains steep. While current
training programs are effective, there is a need for more
sophisticated simulation-based education, possibly incor-
porating VR and AR technologies. Such innovations could
provide more realistic and immersive training environ-
ments, helping surgeons to develop the necessary skills
more efficiently and safely. Additionally, there is a shortage
of comprehensive, long-term studies on the outcomes of MIS
across various surgical disciplines. While the short-term ben-
efits of MIS, such as reduced trauma and quicker recovery
times, are well-documented, more research is needed to eval-
uate the long-term efficacy and safety of these procedures,
particularly in specialized fields such as neurosurgery and
cardiothoracic surgery [152].

Compared to open surgery, MIS offers patients better
cosmetic results, a shorter recovery time, and less trauma. MIS
has completely changed the medical landscape. Nevertheless,
in spite of these benefits, MIS still has unsolved issues that
restrict its usefulness and increase the room for further inno-
vation. The absence of tactile input in robotic-assisted surgery
is one of the biggest drawbacks. In contrast to open surgery,
where surgeons use their tactile sense to assess tissue tension,
texture, and resilience, MIS — especially robotic-assisted MIS —
removes this vital sense, making it more difficult to manipu-
late tissue accurately and raising the risk of inadvertent
damage to nearby structures. For instance, the lack of tactile
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input during robotic-assisted prostatectomy makes it more
difficult for the surgeon to accurately feel the borders between
the prostate and nearby nerves [110-115]. This restriction
raises the possibility of unintentionally harming these vital
structures, which could result in erectile dysfunction or urine
incontinence as postoperative consequences. Similar to this,
while performing a laparoscopic myomectomy to remove
uterine fibroids, the surgeon must only use visual cues to
differentiate the fibroid tissue from the surrounding uterine
tissue. This can be difficult because the two types of tissue may
appear similar on imaging. This absence of haptic perception
can make precise excision more difficult, raising the possibi-
lity of insufficient removal or undue harm to healthy tissue
[110,111].

Continued research into creating sophisticated haptic
feedback methods is crucial for overcoming these con-
straints. For example, by incorporating pressure-sensitive
sensors into robotic tools, tactile data might be transmitted
in real time, enabling surgeons to remotely “feel” the prop-
erties of tissue. This could potentially restore a crucial
layer of sensory input in robotic-assisted MIS by simulating
the feel of tactile feedback. Additionally, a possible way to
make up for this shortcoming is using AI [120-125]. Real-
time tissue interactions might be analyzed by an Al system
included into robotic tools, which could then adaptively
modify tool reaction according to tissue type or give the
surgeon visual and aural feedback. Even in the absence of
direct touch, a system trained on large datasets from com-
parable surgeries, for instance, may warn the surgeon if an
excessive amount of force is being applied, preventing
tissue damage. Filling in these gaps highlights the need
for additional empirical study on these Al-enhanced and
haptic technologies. Research aimed at evaluating and con-
firming these developments in clinical settings may open
the door to MIS that is safer and more efficient. By
expanding the applicability of MIS and improving its pre-
cision, this line of study makes these cutting-edge surgical
techniques safer for a variety of patient demographics and
complex operations [140-145].

MIS is not suitable for all patients. Obesity, anatomical
variations, and pre-existing comorbidities can complicate pro-
cedures and increase the risk of complications. Furthermore,
the cost of MIS technology and the need for highly trained
personnel make it less accessible in remote or underfunded
areas. Facilities in these regions often lack the resources to
acquire and maintain advanced MIS equipment, further
exacerbating healthcare disparities [125-127]. The transition
from traditional open techniques to MIS is accompanied by
a steep learning curve. Surgeons must develop new skills,
such as interpreting 2D imaging and operating without tac-
tile feedback. This process requires extensive training and
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simulation, which not all institutions can afford. During the
early stages of adoption, the increased risk of complications
and extended operative times are well-documented con-
cerns [130-132].

8 Future directions

MIS has witnessed remarkable advancements over the
years, and its future directions hold tremendous promise
for further innovations, technological integrations, and
improved patient outcomes. As technology continues to
evolve, several key areas are likely to shape the future of
MIS [153].

8.1 Advanced imaging and visualization

The integration of advanced imaging technologies is poised
to revolutionize the field of MIS. High-resolution imaging
modalities, such as AR and VR, have the potential to
enhance the surgeon’s visualization capabilities. These
technologies can provide 3D views of the operative field,
allowing for more precise navigation and manipulation of
anatomical structures. AR and VR may also facilitate better
preoperative planning, enabling surgeons to simulate pro-
cedures and anticipate challenges [153].

8.2 Robotics and Al

The role of robotics in MIS is expected to expand signifi-
cantly. Robotic-assisted surgery has already demonstrated
enhanced precision and dexterity, and future develop-
ments are likely to focus on improving robotic systems’
autonomy and adaptability. Integrating Al into robotic plat-
forms can enable real-time decision support, allowing robots
to analyze data, anticipate potential issues, and even learn
from the surgeon’s actions. Al-driven assistance could enhance
the safety and efficiency of MIS procedures [154].

8.3 Telemedicine and remote surgery

The convergence of MIS with telemedicine technologies
opens the door to remote surgery. Surgeons may be able
to perform procedures on patients located in different
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geographical areas, especially in regions with limited access
to specialized healthcare. Remote surgery holds the poten-
tial to democratize healthcare, providing expert surgical
care to underserved populations. However, ensuring the
security and reliability of telemedicine platforms is a critical
consideration for widespread adoption [155].

8.4 Nanotechnology and microbots

Advancements in nanotechnology are paving the way for
the development of microbots — tiny robotic devices that
can navigate within the body for diagnostic and thera-
peutic purposes. In MIS, microbots could be designed to
deliver targeted treatments, perform precise interventions,
or provide real-time diagnostics at the cellular or mole-
cular level. This opens new possibilities for minimally
invasive procedures with minimal impact on surrounding
tissues [156].

8.5 Smart instruments and instrumentation

The instruments used in MIS are likely to become smarter
and more adaptable. Integration of sensors into surgical
instruments can provide real-time feedback on factors like
tissue characteristics, temperature, and blood flow. Smart
instruments may enable surgeons to make more informed
decisions during procedures, enhancing the overall safety
and efficacy of MIS [157].

8.6 Enhanced ergonomics

Surgeon ergonomics is a critical factor in the success of MIS
procedures. Future developments may focus on creating
more ergonomic platforms and instruments, reducing the
physical strain on surgeons during long and complex sur-
geries. This includes the design of robotic consoles and
interfaces that promote comfort and minimize fatigue, ulti-
mately contributing to better outcomes [158].

8.7 Innovations in energy sources

Advances in energy sources used in MIS are anticipated to
improve the efficiency and safety of procedures. The
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development of more precise energy devices, such as
advanced electrosurgical and ultrasonic instruments, can
contribute to reduce thermal damage to surrounding tis-
sues and enhance the overall precision of energy-based
interventions [159].

8.8 Integration of augmented intelligence

The synergy between human expertise and Al, termed aug-
mented intelligence, is poised to play a significant role in
MIS. Al algorithms can analyze vast datasets, providing
insights into patient-specific factors, predicting outcomes,
and assisting in personalized treatment plans. This integra-
tion has the potential to improve preoperative planning,
optimize intraoperative decision-making, and enhance post-
operative care [160].

8.9 Patient-centric innovations

Future directions in MIS will likely prioritize patient-cen-
tric innovations. This includes the development of less
invasive techniques, reduced recovery times, and further
improvements in cosmetic outcomes. Tailoring procedures
to individual patient characteristics, such as anatomy and
genetics, may become more common, leading to persona-
lized and optimized treatment approaches [161].

8.10 Education and training

The future of MIS will require a robust focus on education
and training. Simulated environments, VR training mod-
ules, and immersive learning experiences will become inte-
gral components of surgical education. Surgeons will need
continuous training to stay abreast of evolving technologies
and techniques, ensuring proficiency in the dynamic land-
scape of MIS [162].

9 Challenges and considerations

MIS has transformed the field of surgery, offering numerous
benefits; however, it is not without its challenges and consid-
erations. Technical hurdles present a formidable obstacle, as
the adoption of MIS techniques requires surgeons to navigate
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a steep learning curve. Mastery of new technologies, such as
laparoscopy or robotic-assisted surgery, demands dedicated
training, and staying abreast of evolving instrumentation
adds to the complexity. Patient selection becomes a critical
factor, with factors like obesity and anatomical variations
posing challenges to the feasibility of MIS procedures.
Ethical and regulatory considerations add another layer of
complexity [163]. Informed consent becomes paramount,
necessitating clear communication about the learning curve
and the potential for conversions to open procedures. The
integration of technology raises concerns about data security
and privacy, requiring stringent measures to protect patient
information. Regulatory approval and standardization are
essential to ensure the safety and efficacy of MIS devices
and techniques, adding a layer of scrutiny to the adoption
of new technologies. Economic factors play a role in the wide-
spread adoption of MIS [164]. The upfront costs of acquiring
and maintaining advanced MIS technologies, including
robotic systems, can strain healthcare budgets. Training
costs for surgical teams to become proficient in MIS techni-
ques add to the economic considerations. Access and dispa-
rities further complicate the landscape, with geographic and
socioeconomic factors influencing who has access to advanced
MIS procedures. Bridging these disparities requires strategic
efforts, including telemedicine initiatives and educational pro-
grams in underserved regions. In navigating these challenges
and considerations, a comprehensive and multidimensional
approach is crucial to ensuring the ethical, equitable, and
successful integration of MIS into surgical practices [165].

10 Conclusion

The management of complications and limitations in MIS
involves a multifaceted approach that encompasses both
preoperative planning and intraoperative vigilance. Surgeons
must be well-versed in recognizing and addressing potential
challenges associated with MIS, such as bleeding, organ
damage, and technical difficulties. Thorough preoperative
assessments help identify patient-specific factors that may
contribute to complications, allowing for careful patient selec-
tion and personalized surgical plans. Intraoperatively, contin-
uous monitoring of vital signs and real-time feedback aids in
early detection and management of complications. Additionally,
maintaining open lines of communication within the surgical
team is crucial for prompt decision-making and potential con-
version to open procedures if needed. Postoperatively, vigilant
monitoring of patients for signs of complications, such as infec-
tions or delayed healing, is essential. The development of robust
training programs for surgical teams, incorporating simulation
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and ongoing education, addresses the learning curve associated
with MIS and enhances proficiency. Embracing technological
advances, such as augmented intelligence and improved instru-
mentation, contributes to minimizing limitations. Overall, a com-
prehensive and adaptive approach to the management of com-
plications and limitations in MIS ensures patient safety, optimal
outcomes, and continued progress in the field.
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